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Addendum to the Wide Area Augmentation System (WAAYS) Specification

The WAAS shdl be implemented in two phases, Phase 1 and Phase 2/3. For Phase 1 severdl
requirements. (1) have been modified, or (2) will be contained in Phase 1 requirements
documents, but will be designed, coded and tested by the end of Phase2/3.  For Phase 2/3, dll
requirementsin FAA-E-2892B shdl be met.

The requirements contained in Section 3 of the WAAS specification shal apply to the Phase 1
WAAS, except as noted below:

The following requirements 1- 1 and 1-2 shdl be contained in dl Phase 1 requirements
specifications, but shall be designed, coded and tested by the end of Phase 2/3 period of
performance:

1-1  System Operations and Maintenance (Function 8)
3.1.39.2211.3 Component Level Playback
313922114 Component Leve Observation Data Recording Content

3.1.39.22115 Component Level Navigation Data Recording Content
3.1.39.22116 Component Level Tropospheric Data Recording Content
3.1.39.3.213 Fault Isolation Time
3.1.39.324 Maintenance Priority Generation
3.1.3.9.3.2.10 Record Keeping

1-2  Displays
3.1.3.9.2.2.3.1 Displays

(2) graphical geographic representation of GPSWAAS coverage,
(3) graphica geographic representation of the service being provided to the coverage
region (precision gpproach, en route through non- precision gpproach),

1-3  Outputs
Reference paragraph 3.1.3.9.2.3. The outputs for Phase 1 design, code, and testing shall be:
displays of datus,
GPS and WAAS data to archives;
datus reporting;
maintenance prioritization deta;
system configuration data;
system fault data internaly generated by WAAS components or equipment;
WNT/UTC offset; and
GEO satdllite testing mode command.

SQE 00T

1-4  Fault Detection
The Fault Detection for Phase 1 design, code, and testing shall be:
3.1.3.9.3.2.1.1 Fault Detection
Subfunction 3 fault detection shall be completed within an average time of 60 seconds
and amaximum time of 120 seconds.
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1-5 StatusReporting
The following requirements shdl be contained in dl requirements specifications but shdl be
designed, coded and tested by the end of Phase 2/3 period of performance:

3139226 WAAS Maintenance Alarms
3.1.39.227 Alerts

3.1.39.2.28 Alert and Alarm Laency
3.1.39.229 Alert and Alarm Acknowledgment

For Phase 1, replace the above paragraphs (3.1.3.9.2.2.6 through 3.1.3.9.2.2.9) with
paragraphs 3.1.3.9.2.2.6 through 3.1.3.9.2.2.8 below. These requirements shall be satisfied
during Phase 1.

3.1.39.22.6 WAAS Status Reporting

Subfunction 2 shdl provide visud and audio indications with time slamp to the WM S personnel
and natification to the corrective maintenance subfunction when aWAAS status change occurs.
A WAAS datus change occurs when one or more LRUs and/or component(s) fails.

3.1.39.227 WAAS Status Reporting Latency

Subfunction 2 shall transfer status reporting messages with an average time of 60 seconds and a
maximum time of 120 seconds. Thistime is measured from the generation of the status change
to the receipt of the messageinthe WMS.

3.1.3.9.2.2.8 Status Reporting Acknowledgment

Subfunction 2 shdl provide the mechanisms for acknowledging status changes.
Acknowledgment includes the silencing of audio indications and the preservetion of visud
indications.

1-6  Unattended Interior Equipment Design Ranges
For Phase 1, delete paragraph
3.26.3.2 Unattended Interior Equipment Design Ranges

1-7  Performance Requirements
The Phase 1 WAAS shdl meet dl of the Phase 2/3 WAAS performance requirementsin
paragraph 3.2.1, except as noted in Table 1 below.

Table 1. GPS/'WAAS Signal-in-Space Perfor mance Requirements Exceptions for the

Phase 1 WAAS
Paragraph |Title | Phase 1 WAAS Requirement
3212 En Route through Nonprecison Approach Performance Requirements

ii
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32121

Availability

The availability of the en route through nonprecision approach
requirements shall be at least 0.999 at every point within the
service volume.

321241

Continuity of
Navigation

Given two Geodationary Earth Orbit (GEO) satdllite links are
available to each user, the continuity of the navigation function

shdl beat least (1 - 10°) per hour at every location in the
sarvice volume.

321242

Continuity of Fault
Detection

Given that two GEO satdlite links are available to each user,
the continuity of the fault detection function shall be at least (1 -

107°) per hour at every location in the service volume, excluding
outages of lessthan 5 minutes.

3.2126.1

Full Sarvice

The service volume shdl be defined as the volume which meets
the 0.999 availahility requirement with the FAA-provided Wide
area Reference Station (WRS) network and will be at least
35% of the Phase 2/3 full service, and 50% of CONUS
(Conterminous United States).

3.2.13

Precision Approach Performance Requirements

32131

Availability

The avallahility of the precision gpproach requirements shdl be
a least 0.95 at any point within the service volume with a
conservative vertical pogition error bound of 19.2 m.

321332

Time-to-Alam

The WAAS time-to-alarm shall not exceed 6.2 seconds to
support precision approach.

32134

Continuity of
Function

Given two GEO sadlite links are available to each user, the
WAAS sgnd-in-space precision gpproach continuity of

function shall be grester than or equd to (1 - 5.5 x 10°) per
precision approach.

3.2.1.36

Sarvice Volume

The sarvice volume shdl be defined as the volume which meets
the 0.95 availability requirement with the FAA-provided WRS
network and will include the argpace from the surface up to
10,000 feet above the surface for at least 50% of the area
within the conterminous 48 states (CONUS).

1-8

Signal Processing Requirements

a. For the Phase 1 WAAS, the requirementsin paragraph 3.2.4.2.1.1, Table 3.2-3 shdll
be asfollows:

Table 3.2-3 In-Band Rgection Characteristics Above 5 Degrees

Sgnd Type Interference Bandwidth Totd Interference/Minimum Desired
Signd Power Ratio (1/S)
L1-C/A 0<BW<600 Hz 10 dB
L1-C/A 600<BW<1,000 Hz 15dB
L1-C/A 1,000<BW<10,000 Hz 15 + 6l0g;o(BW/1000) dB
\Y
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L1-C/A 10,000<BW<100,000 Hz 21 + 3logy(BW/10000) dB
L1-C/A 100,000 Hz <BW 24 dB

Al 24 dB
L2-P(Y)

b. For the Phase 1 WAAS, the requirements in paragraph 3.2.4.2.3 (Specid Interference
Rejection Capability) are waived.

c. For the Phase 1 WAAS, the GPS'WAAS antennalreceiver shal be designed so as not
to preclude the future incorporation of the Specid Interference Regjection Capability
requirementsin paragraph 3.2.4.2.3.

1-9 Remote Maintenance Monitoring System (RMMYS)

For the Phase 1 WAAS, paragraph 3.1.3.9.5 (Remote Maintenance Monitoring System
(RMMYS)) isddeted. System dtatus shdl be continuoudy monitored from the Wide-area
Master Stations (WM Ss).

1-10 Precison Approach Service Volume
For Phase 1 “PA shdl be available 0.95 over 50% of CONUS’ isinterpreted to being
over afixed space. This means that the precision gpproach service volumeisthe sat A

of points (f | ) = (latitude, longitude) in CONUS, where for t = time,

PA(f ,I ,t) = 1,if precison goproach is available at latitude, longitude

and time, and
= 0, if precison gpproach is not available a that latitude,
longitude and time.

1, if precison gpproach is available at a fixed postion,
(f |l ) in CONUS, 95% of the time, and
= 0, otherwise.

Fos(f 1)

Thus,

” )
c P, o(f 1 JdA+
PrgQONus 0% . isrequired to be ® 050 , where

8 (‘):IA -

CONUS 9

PA =

Poes(f,1) =1,if pr§ e N :3 0.95,
E ot
N PA(F,I t)dtO

D

E gt 3

N PAF I ,t)dt O

0.95.

=0,if Pr
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1-11  Avionics Contribution to Pseudorange Error
The Phase 1 avionics contribution to pseudorange error shall be assumed to be zero, i.e,

1-12 Message Type 10 Parameters
For Phase 1, it is permissible to use afixed vaue for Message Type 10 function degradation
parameters.

vi
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WIDE AREA AUGMENTATION SYSTEM (WAAYS) SPECIFICATION

10  Scope

1.1 Identification
This specification establishes the functiona and performance requirements for the Wide-Area
Augmentation System (WAAYS).

1.2  System Overview
The WAAS is a safety-critical system congigting of the equipment and software which
augments the Department of Defense (DOD)- provided Globa Positioning System (GPS)
Standard Pogitioning Service (SPS). The WAAS provides a sgna-in-space (as defined in
Appendix 2) to WAAS users to support en route through precision gpproach navigation. The
WAAS usersinclude al aircraft with gpproved WAAS avionics using the WAAS for any
approved phase of flight. The signal in gpace provides two services. (1) dataon GPS and
GEO satdllites, and (2) aranging capability. Background information regarding the GPS can
be found in Section 5.1 of this specification.

This specification provides functiona and performance requirements. 1t does not direct any
particular architecture. However, based on the FAA Satdllite Navigation Test Bed, certain
architecture e ements are considered necessary to meet the requirements of this specification.
Figure 1- 1 depicts an example WAAS Architecture which includes these minimum necessary
elements. The GPS satdllites data are received and processed at widdly dispersed sites,
referred to as Wide-area Reference Stations (WRSs). These data are forwarded to data
processing sites, referred to as Wide-area Master Stations (WMSs), which process the data
to determine the integrity, differentia corrections, resdud errors, and ionospheric information
for each monitored satdllite and generate Geostationary Earth Orbit (GEO) Satdllite navigation
parameters. Thisinformation is sent to a Ground Earth Station (GES) and uplinked dong with
the GEO navigation message to GEO satdllites. These GEO satellites downlink this dataon
the GPS Link 1 (L1) frequency with a modulation smilar to that used by GPS.

In addition to providing GPS integrity, the WAAS verifiesits own integrity and takes any
necessary action to ensure that the system meets the WAAS performance requirements. The
WAASaso hasa system operations and maintenance function that provides information to
FAA Airway Fecilities (AF) Nationd Airspace System (NAS) personnd.

The WAAS user receiver typicaly processes: (1) the integrity data to ensure that the satdlites
being used are providing in-tolerance navigation data, (2) the differentia correction and
ionospheric information data to improve the accuracy of the user's position solution, and (3) the
ranging data from one or more of the GEO satdllites for position determination. The WAAS
user recelvers are not consdered part of the WAAS.

The WAASwill have aFunctiond Verification Sysem (FVS) which will be used for early
Development Test and Evauation (DT&E), refinement of contractor Ste ingtdlation

1
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procedures, system leve testing, WAAS Operationa Testing, and long term support for the
WAAS. The FVvSwill be referred to in the testing requirementsin Section 4 and Appendix 3,
Verification Requirements Tracesbility Matrix (VRTM).

Wide Area Augmentation System
Concept

v Wide Area Master Station + Wide Area Reference Station
® Wide Areg Reference Station
£ Ground Earth Station

Figure1-1:  Example WAAS Architecture

1.3  Document Overview
Section 2 ligts the specifications, standards, and orders referred to in this document. Section 3
provides the WAAS functiond and performance requirements. Section 4 identifies
requirements for testing and verification that the subsystems, sites and system must mest to be
compliant with this specification. Section 5 contains notes and background informetion. In
addition, there are four appendices. (1) Appendix 1 provides the GPS and GEO satdllite
outage rates and durations for performance andyses, (2) Appendix 2 isthe WAAS Signd
Specification and contains the WAAS message formats; (3) Appendix 3 is the Veification
Requirements Tracesbility Matrix (VRTM); and (4) Appendix 4 provides definitions and
acronyms.

20  Applicable Documents
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The following documents form a part of this specification and are applicable to the extent
Specified herein. In the event of conflict between documents referenced herein and the
contents of this pecification, the contents of this specification shdl prevall.

2.1 Gover nment Documents
211 Specifications

21.1.1FAA

a. NAS-SS-1000, National Airspace System (NAS) System Specification,
December, 1986

b. FAA-G-2100F, Electronic Equipment, General Requirements, November, 1993

c. NAS-MD-793, Remote Maintenance Monitoring System Functiond Requirements
for the Remote Monitoring Subsystemn, Feb 28, 1986

d. NAS-IR-51035101, Interface Requirements Document Remote Monitoring
Subsystem/Mai ntenance Processor System (RMS/MPS), July 30, 1993

2.1.1.2 Military
a. Globd Pogtioning System Standard Positioning Service Signd Specification, dated
June 2, 1995
b. 1CD-GPS-200, Revison C, NAVSTAR GPS Space Segment/Navigation User
Interfaces, 10 October 1993.

2.1.2 Sandards

2.1.2.1 FAA Sandards
a. FAA-STD-026, NAS Software Development, August, 1993
b. FAA-STD-013D, Qudity Control Program Requirements, 15 June 1994
c. FAA-STD-018A, Computer Software Qudity Program, Requirements, May 1977
d. FAA-STD-021A, Configuration Management, August, 1991
e. FAA-STD-024B, Content and Format Requirements for the Preparation of Test
and Evauation Documentation, August 22, 1994

2.1.2.2 Military Standards
a. MIL-STD-973, Configuration Management, Interim Notice 1, 17 April 1992

2123 FAA Orders
a. FAA Order 6000.15B, Genera Maintenance Handbook for Airway Facilities,
August, 1991
b. FAA Order 1600.6C, Physica Security Management Program, April 16, 1993
c. FAA Order 1800.8F, NAS Configuration Management, May, 1991

d. FAA Order 1810.4B, FAA NAS Test and Evaluation Policy, October, 1992
e. FAA Order 6000.30B, Policy for Maintenance of the Nationa Airgpace System
(NAYS) through the Y ear 2000, October, 1991

3
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f. FAA Order 1600.54B, FAA Automated Information Systems Security Handbook,
February, 1989

g FAA Technica Standard Order C129, Airborne Supplemental Navigation
Equipment Using the Globa Positioning System (GPS), December 10, 1992

2124 Other Government Documents
a DOT-VNTSC-RSPA-95-1/DOD-4650.5, Federal Radionavigation Plan 1994.

2.2 Non-Government Documents

a. RTCA/DO-178B, Software Congderationsin Airborne Systems and Equipment
Certification, December 1, 1992

b. RTCA/DO-208, Minimum Operationa Performance Standards (MOPS) for
Airborne Supplemental Navigation Equipment Using Globa Positioning System,
July 1991

c. RTCA/DO-229, Minimum Operationa Performance Standards (MOPS) for
Globd Postioning System/Wide Area Augmentation System Airborne Equipment,
January 1996

d. RTCA/DO-229A, Minimum Operationa Performance Standards (MOPS) for
Globd Pogtioning System/Wide Area Augmentation System Airborne Equipment,
June, 1998

3.0  System Requirements
This section specifies the functiona, performance, interface, and design requirements, and the
quaity factors and characteristics of the WAAS.

3.1  System Definition
The WAAS is defined in the sections below which address the objectives of the system,
system modes and gtates, and system functions.

3.1.1 WAASObjectives
The objectives of the WAAS are to provide improved: (1) integrity, (2) accuracy, 3
avallability, and (4) continuity of service to the Globa Pogtioning System (GPS) Standard
Pogitioning Service (SPS). The ultimate objective isto provide a navigation system for dl
phases of flight through precision approach.

3.1.2 System Statesand Modes
The WAAS shdl possess asingle state - normal. Periodic maintenance and corrective
maintenance do not interrupt the norma ate.

3.1.2.1 Continuous Service Mode

In the normd date, the WAAS shdl possess an operational mode of continuous service
meseting al of the performance requirementsin paragraph 3.2.1.
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3.1.2.2 Military Emergency Mode
In the normd date, the WAAS shdl possess a military emergency mode that only meetsthe
performance requirements for en route through non precision gpproach services as defined in
paragraph 3.2.1.2.

3.1.3 System Functions

In order to accomplish the four objectives in paragraph 3.1.1 and meet the Signd in pace
performance requirements in paragraph 3.2.1, the WAAS includes eight (8) primary functions.
These functions:

(1) collect data;

(2) determineionospheric corrections,;

(3) determine satdlite orhits;

(4) determine satellite corrections,

(5) determine satdlite integrity;

(6) provideindependent data verification;

(7) provide WAAS message broadcast and ranging; and

(8) provide system operations and maintenance.

The WAAS functiond requirements of this section will be accomplished through acombination
of software and firmware development, Non- Development Item (NDI) hardware, and
communications. Unless specificaly designated as independent, common processing for
different functions can be performed by the same equipment. The inputs and outputs are not
intended to define any physical interface, but merely to describe the relationships between
functions.

3131 System Functional Relationships
The functiond relationships among the WAAS functions are shown in figure 3-1. Each of the
eight functions is numbered in the figure and corresponds to the eight functions described under
paragraph 3.1.3.
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3132

Collect Data (Function 1)

NAS
| GPssadlite |------- = GPSIWAAS User }\ 1y
== -
1) Collect 4= - = — = = ~ N
Data ~ - \
2) Determine =~ - | GEO
- |onospheric ™~ .
Corrections Satellite
3) Determine
—> Satellite
Orbits
l Y
Y 7) Provide
4) Determine 6) Provide Independent Data WAAS
! sadlit > Verification Message
e - Broadcast
Corrections
and
+ Ranging
5) Determine
—|  Sadlite o
Integrity <¢—» WAAS Communications
< — — - GEO Satellite Broadcast
8) System Operations and Maintenance B *  GPSSignal
Figure3-1 WAAS Functiona Rdlaionships

This function receives data from dl the satdllites that perform the navigation service, including
the GPS and GEO satellites, and the tropospheric data required to determine the tropospheric
delay. Two independent sets of datawill be collected: one for Functions 2-5 and one for
Function 6. Thisfunction aso checks the reasonability of the collected data.

31321

Inputs

Theinputsto Function 1 are:

a

GPS satdllite observables;
GEO satdlite obsarvables;

b.
c. tropospheric observables,
d.
e.

equipment location data; and,
equipment calibration data.
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31322 Processing

313221  Collect Raw GPS Observables
Function 1 shdl receive the GPS L1-C/A (Coarse/Acquisition) pseudorange data, the GPS
LY/L2 (Link 2) code differentid data (without knowledge of the Y-code), and satellite
navigation data (as specified in Globd Positioning System Standard Positioning Service Signa
Specification and the NAVSTAR GPS Interface Control Document, |CD-GPS-200) from dl
GPS satdllites that support the navigation service.

313222  Coallect Raw GEO Observables
Function 1 shdl receive GEO L 1-C/A pseudorange data and satellite navigation data (as
specified in Appendix 2) from dl GEO satellites that support the navigation service.

3.1.3.22.3 Location of Antenna Phase Center
Function 1 shal accept and use antenna phase center location data compliant with paragraph
3.2.2.

3.1.3.2.24  Datafor Tropospheric Corrections
Function 1 shall collect and use data (accuracies to support the WAAS performance
requirements in paragraph 3.2.1 of this specification) so that pseudorange error caused by the
troposphere at each of the data collection sites can be minimized.

313225 Recever Calibration Data
Function 1 shal accept and use receiver L1/L.2 differentia pseudorange bias (accuraciesto
support the WAAS performance requirements in paragraph 3.2.1 of this specification).

3.1.3.2.26 Raw Data Reasonability Check
Function 1 shdl screen the collected data for unreasonable vaues (e.g. outliers or anomalies)
and notify Function 8 of any data that fails this test.

31323 Outputs

Function 1 outputs shdl be:
GPS L1-C/A pseudorange measurements (independent sets);
GPSL1/L2 code differentid measurements (independent sets);
GPS sadlite navigetion data;
GEO L1-C/A code pseudorange data (independent sets);
GEO satdlite navigation data;
tropospheric data (independent sets);
antenna phase center locations,
recaeiver L1/L.2 differentid pseudorange bias data; and
notification of data that fails the reasonability check.

T ST@ o a0 T

3.1.33 Deter mine lonospheric Corrections (Function 2)

21 September 1999



FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

In order to determine ionospheric corrections, this function must receive the GPS L1/L.2 code
differentid measurements from Function 1 and determine precise ionospheric delay corrections
interms of verticd delays a geographicdly defined lonosphere Grid Points (IGPs).

31331 Inputs
The inputs to Function 2 are:
a GPSLY/L2 code differentia data;
b. receiver LVL2 differentid pseudorange bias,
C. antennaphase center locations,
d. GPSsadlite navigation data; and
e. ionospheric grid definition.

3.1.33.2 Processing

313321 L1llonospheric Delay Estimates
Function 2 shall compute vertica delay estimates a each geographicaly defined lonosphere
Grid Point (IGP) for which dataiis available, as defined in Appendix 2, paragraph 4.4.10.

3.1.3.3.22  Grid lonospheric Vertical Error (GIVE)
Function 2 shdl compute GIVEs for each geographically defined IGP for which datais
avalable.

313323 |IGP Sdection.
Function 2 shdl select specific IGPsto represent the ionosphere as defined in Appendix 2,
paragraph 4.4.9, to achieve the required performance while preserving WAAS data link

throughput efficiency.

3.1.3324 IGP"Not Monitored" Data
Function 2 shall generate data for a*“Not Monitored” IGP for any IGP that isin the current
mask and not monitored. A “Not Monitored” IGP is defined as an IGP which isincluded in
the current IGP mask but insufficient datais available to caculate a vertica dday estimate.

3.1.3.33 Outputs
The outputs of Function 2 shal be:
a. IGPlocdiors,
b. IGP verticd dday edtimates, and
c. IGPGIVE data

3.1.34 Satellite Orbit Determination (Function 3)
This function must receive GPS and GEO satellite data to determine the postion, veocity,
clock offsets and drifts of the satellites. In addition, this function must generate the GEO
satellite ephemeris and dmanac data for the GEO satdllite ephemeris message.

3.1.34.1 Inputs
Theinputsto Function 3 are:
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GPS L1-C/A pseudorange measurements,

GPSL1/L2 code differential measurements;

GPS sadlite navigation data;

GEO L1-C/A code pseudorange data;

GEO satdllite navigation deta;

tropospheric data;

antenna phase center locations;

receiver L1/L.2 differentid pseudorange bias;

GEO ionospheric data;

GEO satdlite planned maneuvers (manud); and

GPS sadlite planned maneuvers (manud).

T T S@ 0 o0 T

31342 Processing

3.1.34.21  Minimizelonosphere and Tropospher e Effects
Function 3 shadl reduce the ionosphere and troposphere effects on satdllite pseudoranges prior
to determining GPS and GEO navigation data such that the required system performanceis
achieved.

3.1.34.22  GPSOrbit Determination
Function 3 shdl determine the GPS satdllite position and velocity, and time offset and drift with
respect to WAAS network time as maintained by Function 8 (Subfunction 2).

3.134.23  GEO Orbit Determination
Function 3 shall determine the GEO satdllite pogition, velocity, and acceeration and GEO
reference time offset and drift with respect to WAAS network time.

3.1.34.24  GEO Satelite Ephemeris Data
Function 3 shal compute the GEO satellite ephemeris dataiidentified in Appendix 2, paragraph
44.11.

313425 GEO Satdlite AlImanac Data
Function 3 shdl compute dmanacs for dl of the GEO satdlites including the data identified in

Appendix 2, paragraph 4.4.12.

3.1.343 Outputs
The outputs of Function 3 shall be:
a. GPSsadlite orbit data;
b. GEO sadlite orbit data;
c. GEO sadlite ephemeris message data; and
d. GEO sadlite dmanac data.

3.1.35 Deter mine Satellite Corrections (Function 4)
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In order to determine satdlite corrections, this function must receive satdlite navigation and
orbit datafrom dl of the satdllitesin view that perform the navigation service, including the GPS
and GEO satdllites, and determine precise satellite clock and ephemeris error corrections.

31351 Inputs

Theinputs to Function 4 are:
GPS L1-C/A pseudorange messurements,
GPS L1/L2 code differential measurements,
GPS satdllite navigation data;
GEO L1-C/A code pseudorange data;
GEO satdllite navigation deta;
tropospheric data;
antenna phase center locations,
receiver L1/L.2 differentid pseudorange bias;
GPS satdllite orbit data; and
GEO satellite orbit data.

et Rl B WY R o g

3.1.35.2 Processing

3.1.35.21 Minimize lonosphereand Troposphere Effects
Function 4 shadl reduce ionosphere and troposphere effects on satdllite pseudoranges prior to
determining satellite corrections such that the required system accuracies are achieved.

313522  SateliteLong Term Error Corrections
Function 4 shall compute satdllite long term error corrections for the satellite clock and
ephemeris errors as defined in Appendix 2, paragraph 4.4.7.

3.1.3523  SatdliteFast Error Corrections
Function 4 shal compute satdllite fast error corrections for the clock errors as defined in
Appendix 2, paragraph 4.4.3.

3.1.3524  Satdlite User Differential Range Error (UDRE)
Function 4 shdl compute UDRESs for each satellite, as defined in Appendix 2, paragraph 4.4.3.

3.1.3525 Issueof Data
Upon GPS transmission of a new ephemeris (marked by anew Issue of Data), the WAAS
shall continue to use the old GPS ephemeris to determine the long-term (and fast) error
corrections for aperiod of 2 minutes. This delay enables al WAAS usersto acquire the new
GPS ephemerisinformation.

3.1.35.26  Fast Correction Degradation Factor
Function 4 shdl determine Fast Correction Degradation Factor as defined in Appendix 2,
paragraph 4.4.5. Note: It is permissible to use afixed value for Fast Correction Degradation
aslong as the requirements of al subparagraphs of paragraph 3.2.1 are satisfied.

10
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3.1.35.27 Esimated RMS Pseudorange Error
Function 4 shal compute an estimated RM S pseudorange error as defined in Appendix 2,
paragraph 4.4.6.

313528 Message Type 10 Degradation Parameters
Function 4 shall compute degradation parameters as defined in Appendix 2, paragraph 4.4.16.
Note: It is permissible to use afixed vaue for Message Type 10 Degradation Parameters as
long as the requirements of al subparagraphs of paragraph 3.2.1 are met.

3.1.35.3 Outputs
The outputs of Function 4 shdl be:

a. sadlitelong term corrections,
b. satdlitefast error corrections,
c. sadlite UDRES
d. Fast correction degradation factor;
e. verified etimated RMS pseudorange error;
f. Message Type 10 degradation parameters.

3.1.3.6 Determine Satellite Integrity (Function 5)
In order to determine satellite and ionospheric correction integrity, this function must receive
satellite navigation data from dl of the satdlites that perform the navigation service, including
the GPS and GEO satdllites, and provide timely warnings when any satellite or ionospheric
correction should not be used for navigation, or if there are any satdllites or ionospheric grid
points that cannot be monitored for any reason.

3.136.1 Inputs

Theinputsto Function 5 are:
GPS satdllite navigation data;
GEO satdllite navigation deta;
antenna phase center locations,
satellite long term error corrections;
satellite fast error corrections,
IGP locations,
IGP verticd ionospheric delay estimates,
IGP GIVE data;
Satdllite User Differential Range Error (UDRE) data
Message Type 10 degradation parameters
Fast correction degradation factor; and
verified estimated RM S pseudorange error.

—RT T SQ@ OO0 T

3.1.36.2 Processing
3.1.36.21  SatdliteIntegrity Determination
3.1.3.6.211  Pseudorange" Don't Use" Data

11
21 September 1999



FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

Function 5 shdl generate datafor a"Don't Use" message for any satellite whose pseudorange
errors are not correctable within the limits of the WAAS message structure.

3.1.3.6.2.1.2 UDRE " Don't Use" Data
Function 5 shall generate datafor a"Don't Use" message for any satdllite whose User
Differentia Range Error exceeds the limits of the WAAS message structure.

3.1.3.6.21.3 lonospheric" Don't Use" Data
Function 5 shal generate datafor a"Don't Use' message for any ionospheric vertica delay
correction a an lonospheric Grid Point (IGP) that exceeds the vertica delay correction limits
of the WAAS message structure.

3136214 GIVE"Don't Use" Data
Function 5 shdl generate data for a"Don't Use' message for any |GP whose Grid lonospheric
Vertical Error (GIVE) exceeds the limits of the WAAS message structure.

3136.22  SateliteVishility

3.1.3.6.221  SatdliteVishbility Determination
Function 5 shdl determine whether dl of the satdllites that should bein view, based on the GPS
and GEO sadlite dmanac information, are being tracked.

3.136.222 "Not Monitored" Data
Function 5 shdl generate data for a"Not Monitored’ message for any satdlite that is not being
monitored by the WAAS.

3.1.3.6.3 Outputs
The outputs of Function 5 shdl be:
a. datato generate "Don't Use' messages,
b. daato generate "Not Monitored" messages; and
c. ligt of sadlitesthat should bein view, but whose signals are not being received.

3.1.37 I ndependent Data Verification (Function 6)

In order to accomplish Independent Data Verification, this function must independently verify
integrity of dl data provided to WAAS users prior to transmission and vaidate that detawhile
it isactive. Verification of datais defined to be a process whereby the data provided to
WAAS usrsis ether:

(1) compared to data derived from independently observed measurements, or

(2) combined with independently observed measurements and the result is compared to

the expected result.

Vdidation of Sgnd-in-space performance is a process whereby the signd-in-space
performance is monitored and determined to be within specification. All deata provided to
WAAS usersincludes dl information broadcast viaa GEO satellite in any of the message
formats described in Appendix 2. Datais defined to be active from the time of arriva of the

12
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last bit of the WAAS SIS message a a user until the expiration of the user timeout interva (see

Appendix 2). Multiple sets of data can be active Smultaneoudy.

Independence is defined as radio frequency (RF) independence from common data collection
error sources, such as multipath, and independent hardware for receiving and processing.
Datafor dl functions may share acommon data link between sites, provided the datais
partitioned so as to guarantee independence.

31371

Inputs

Theinputs to Function 6 are:

Ww.

3.1.3.7.2

There are five subfunctions to be performed within Function 6.

313721
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independent GPS L1-C/A pseudorange measurements,
independent GPS L 1/L 2 code differentid measurements,
independent GEO L 1-C/A code pseudorange data; and

independent tropospheric data.

GEO satdllite navigation deta;

GPS sadlite navigetion data;

antenna phase center locations,

receiver L1/L2 differentia pseudorange bias,
IGP locations,

IGP verticd dday estimates;

IGP GIVE data;

GPS satdllite orbit deta;

GEO satdllite orbit data;

GEO satdllite ephemeris message data;
GEO satdllite dmanac data;

satellite long term corrections;

satellite fast error corrections,

saellite UDRES,

datafor "Don't Use" messages,

data for "Not Monitored" messages,

Fast correction degradation factor; and
verified estimated RM S pseudorange error.
Message Type 10 degradation parameters.

Processing

Verification of lonospheric Corrections (Subfunction 1)
Function 6 shall verify theionospheric delay corrections and the GIVE data for each IGP
location using independent data.

3.1.3.7.211 Verification Success
Function 6 shdl forward dl successfully verified ionospheric delay correction data to Function

7.

13
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3.1.3.7.21.2 Veification Failure- Accuracy
Function 6 shdl set the IGP status to “Not Monitored” and forward this data to Functions 7
and 8 when the L1 ionospheric vertica delay corrections cannot be verified using independent
data, but the L1 ionospheric vertica delay corrections as determined by independent sources
are within the bounds of the WAAS message structure.

Function 6 shal set the IGP status to “Not Monitored” and forward this data to Functions 7
and 8 when the GIVE cannot be verified using independent data, but the GIV Es as determined
by independent sources are within the bounds of the WAAS message structure.

3.1.3.7.22 Verification of Satdlite Orbits (Subfunction 2)
Function 6 shdl verify GEO satdllite ephemeris and dmanac data usng independent data.

3.1.3.7.221 Verification Success
Function 6 shal forward al successtully verified satellite orbit data to Function 7.

3.1.3.7.222  Veification Failure
Function 6 shdl set the GEO hedth satus to unhedlthy in the GEO amanac message
(Appendix 2, paragraph 4.4.12) and forward this status to Functions 7 and 8.

3.1.3.7.23 Verification of Satellite Corrections (Subfunction 3)
Function 6 shdl verify the long-term clock and ephemeris corrections, the fast corrections, the
Fast correction degradation factors, the Message Type 10 degradation parameters, and the
UDRE using independent data.

3.1.3.7.231 Verification Success
Function 6 shdl forward al successfully verified satdlite correction data to Function 7.

3.1.3.7.23.2 Verification Failure- Accuracy
Function 6 shall sat the satdllite integrity statusto “Not Monitored” and forward this data to
Functions 7 and 8 when the satdllite integrity status cannot be verified using independent data,
but both of the pseudorange errors as measured by independent sources are less than 150 m.

Function 6 shdl set satdllite integrity status to “Not Monitored” and forward this data to
Functions 7 and 8 when the UDRE cannot be verified using independent data, but the UDRES
as determined by independent sources are within the bounds of the WAAS message structure.

3.1.3.7.23.3 Veification Failure— Insufficient Accuracy
Function 6 shall set the satdllite integrity statusto “Don’'t Use” and forward this data to
Functions 7 and 8 when the satellite integrity status cannot be verified using independent data,
but at least one of the pseudorange errors as measured by independent sources are greater
than 150 m.

14
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Function 6 shall set satellite integrity statusto “Don’'t Use” and forward this data to Functions
7 and 8 when the UDRE cannot be verified using independent data and at least one of UDRES
as determined by independent sources exceed the bounds of the WAAS message structure.

3.13.7.24 Veification of Satellite Integrity (Subfunction 4)
Function 6 shdl verify the "Don't Use" and "Not Monitored" data using independent data.

3137.241 Veification Success
Function 6 shdl forward dl successfully verified sadlite integrity datato Function 7.

3.13.7.24.2 Verification Failure
Function 6 shdl set the satdllite integrity statusto "Don't Use" or "Not Monitored” ("Don't Usg"
takes precedence) and forward this datato Functions 7 and 8.

3.1.3.7.25 Validation of Signal-in-Space Perfor mance (Subfunction 5)
Function 6 shal continuoudy monitor the Sgnd-in-space performance parameters of time-to-
aarm and accuracy achieved by the WAAS.

3.1.3.7.25.1 Validation of Signal-in-Space Performance
Function 6 shdl vaidate that dl active data meets the Sgnd-in-space performance
requirements identified in Section 3.2.1.

3.13.7.25.2  Signal-in-Space Performance Alerts
Function 6 shal dert Function 7 of any active data which does not meet the sgnd-in-space
performance requirements in Section 3.2.1, or any active data which cannot be vaidated.

3.1.3.7.3 Outputs
The outputs of Function 6 shdl be:
verified indications for "Don't Use' and "Not Monitored” satellites or IGPs,
verified Satellite fast corrections;
verified Satdlite long term clock and ephemeris corrections,
verified IGP locetions,
verified IGP verticd delay estimates;
verified IGP GIVE data;
verified GEO sadlite ephemeris data;
verified GEO satellite dmanac data;
i. verified Satellite UDRES,
| Fast correction degradation factor
k. verified estimated RMS pseudorange error; and
I.  Message Type 10 degradation parameters.

=R N N

3.1.38 WAAS Message Broadcast and Ranging (Function 7)
In order to provide WAAS message broadcast and ranging, this function must provide a GPS-
like ranging source and integrity and correction data to the WAAS users as defined in
Appendix 2.

15
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31381 Inputs
Theinputs to Function 7 are:

vaified indications for "Don't Use" and "Not Monitored” satellites or IGPs,
verified satellite fast corrections;
verified satellite long term clock and ephemeris corrections;
verified IGP verticd delay estimates,
verified IGP GIVE data;
verified GEO satdllite ephemeris datg;
verified GEO satellite dmanac data,
verified sadlite UDRES,
verified IGP locations;
list of GPSWAAS satdlites,
UTC/WAAS Network Time (WNT) offst;
GEO satdllite testing mode command,

. Fast correction degradation factor;
verified estimated RM S pseudorange error; and

0. M essage Type 10 degradation parameters.

S3TARTTSQ@ToOQ0 T

3.1.3.8.2 Processing
This function shdl use GEO sadlites to broadcast the WAAS messages to the users and
provide ranging sources.

3.1.3821 M essage For mat
Function 7 shdl format the input data into a 500 symbols per second data stream in
accordance with the formats in Appendix 2, paragraph 4.0.

3.1.3.8.22  Repetition of GPSYWAAS SIS Alarm M essages
Function 7 shdl repesat information sent in response to darm conditionsin the 500 symbols-per-
second data stream 3 additiona times within the next 3 seconds for atota of 4 consecutive
times
Note 1. In order to meet the integrity time-to-aarm in the event that darm conditions exist on
2 sadlites a the same time, the WAAS may need to use Type 6 messages when not all
information can be placed in amessage of Type 2, 3, 4, 5, or 24. It may minimize the amount
of computation required to perform verification and vaidation functionsiif thisisthe only
condition under which Type 6 messages are sent.
Note 2: Information sent in response to an aarm condition could be any of thefollowing: a
revised correction, UDRE, GIVE, or ‘Don’'t Use message that ensures that post-correction
errors are bounded by error bounds (protection levels) as defined in RTCA/DO-229
Appendix J. In order to meet continuity requirements, ‘Don’t Use messages may need to be
avoided except when required to ensure integrity.

3.1.3.823 Message Broadcast and Ranging
Function 7 shall broadcast the WAAS message in accordance with Appendix 2, paragraphs
2.0and 3.0.
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3138231 Messageand Code Combining
Function 7 shal modulo-2 add the 500 symbols per second data stream to the unique 1.023
MHz 1023 hit Gold Code assigned to each GEO satdllite. Modulo-2 add for GPSis
described in GPS SPS Signa Specification, paragraph 2.3.3.

3.1.3.8.23.2 Signal Modulation
Function 7 shal modulate the resulting signd to an uplink carrier frequency.

3.1.3.8.233 Signa Transmission
Function 7 shadl transmit the appropriate data to each GEO satellite. Appropriate dataiis
defined to be data which pertainsto the WAAS users within a GEO satdllite footprint and data
which pertains to a specific GEO satellite.

3.1.38.234  GEO Satellite Reception
The Function 7 GEO satellite shdl receive the uplink sgndl.

3138235 GEO Satdlite Trandation
The Function 7 GEO satdllite shal trandate the received uplink signd to the WAAS broadcast
carrier frequency of 1575.42 MHz (GPS L1) and tranamit it within the satdllite footprint in
accordance with Appendix 2, paragraph 2.0.

3.1.3.8.24  Monitor WAAS Signal Quality
Function 7 shdl monitor the sgnd qudity of each GEO satdllite transmisson and forward these
sgnd qudity parametersto Function 8.

3.1.3.83 Outputs
The outputs of Function 7 shdl be:
a  WAAS messages,
b. ranging 9gnds and
c. WAASsSgnd qudity parameters.

3.1.39 System Operations and Maintenance (Function 8)

In order to accomplish system operations and maintenance, this function must contral,
monitor, and maintain the WAAS to ensure system functiondity and performance in support
of the four objectivesin paragraph 3.1.1, and the WAAS signal-in-space requirements
specified in paragraph 3.2.1. The WAAS shadl be capable of operating autonomoudy,
without human intervention. Airway Facilities (AF) NAS operations personnd at the
Operations Control Centers (OCCs) or Wide-area Master Stations (WM Ss) will monitor the
gatus and performance of the WAAS, and will initiate manua actions such as corrective and
periodic maintenance. These AF NAS operations personnd will perform WAAS functions
as an adjunct to their other responsibilities. The System Operations and Maintenance function
is comprised of four subfunctions.

(1) system operations and maintenance data collection;

(2) system monitor and control;
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(3) corrective maintenance; and
(4) periodic maintenance.

Three terms are used to describe the System Operations and Maintenance function and they
are defined asfollows:
a. sysem - the entire WAAS,
b. component - individua part of the WAAS, such asaWRS or another part of the
WAAS that isin thefind architecture; and
C. equipment - theindividud items of equipment withina WAAS component, such as
areceiver or aprocessor.

3.1.391 System Operations and Maintenance Data Collection (Subfunction 1)
In order to accomplish the System Operations and Maintenance function, data must be
gathered from the WAAS systemn, components, and equipment.

3.1.3911 Inputs
The inputs to Subfunction 1 are:
WAAS component and equipment configuration data;
WAAS component and equipment status data;
WAAS component and equipment performance data;
al outputs from Function 6;
al outputs from Function 1,
WAAS messages and signd qudlity parameters from Function 7;
ionospheric grid definition;
additiona manud inputs (such as, but not limited to, list of GPSWAAS satdllites,
information on GPS, sate change request); and
i.  Universd Coordinated Time (UTC).

S@ o a0 o

3.1.39.1.2  Processng

3.1.39.121 WAASComponent and Equipment Configuration Data
Subfunction 1 shdl receive component and equipment configuration data from each of the
WAAS components.

3139122 WAASComponent and Equipment Status Data
The status of dl WAAS equipment and components shdl be provided to Subfunction 1. The
type of configuration status data required is desgn dependent, i.e. isafunction of the degree of
redundancy in the design of each component, how backup components and equipment are
provided for failed components and equipment, etc. Typica status itemsinclude: processor
configuration status (main, standby, backup), tranamitter configuration status (main, standby,
backup), receiver configuration status (main, standby, backup), antenna configuration status
(main, standby, backup), and any salf-generated status reports produced by WAAS
equipment and components.

3.1.39.1.23 WAASComponent and Equipment Performance Data
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Subfunction 1 shdl gather performance data on the operation of each WAAS component and
equipment within that component. These datainclude, but are not limited to, the following:
CPU utilization, RAM reserves, computer system throughput, and sgnd strength at GPS
recavers.

3.1.39.1.24  Function 6 Data
Subfunction 1 shdl gather al outputs from Function 6.

3.1.39.1.25 Function 1 Data
Subfunction 1 shdl gather al outputs from Function 1.

3.139.126 WAASSgnal Quality Parameters
Subfunction 1 shal gather WAAS signd qudity parameters from Function 7.

3.1.39.1.27  Process Data Update
Subfunction 1 shall accept the ionospheric grid definition for the purpose of updating interna
WAAS process parameters.

3.1.39.1.28 Manual Inputs
Subfunction 1 shdl accept dl manud inputs, such as, but not limited to, list of GPSWAAS
satellites, information on GPS, and state change request.

3.1.39.1.3 Outputs

The outputs of System Operations and Maintenance Data Collection shdl be:
gathered WAAS Component and Equipment Configuration Data;
gathered WAAS Component and Equipment Status Data;
gathered WAAS Component and Equipment Performance Data;
gathered Function 6 Data;
gathered Function 1 Data;
gathered WAAS Signa Qudity Parameters,
ionospheric grid definition;
list of GRS'WAAS satellites ;
gathered additional manua inputs (such as, but not limited to information on GPS,
state change request); and
j. UTC.

T ST@ o a0 T

31392 System Monitor and Control (Subfunction 2)
In order to accomplish system monitor and control, this subfunction must ensure that the
WAAS hardware and software operates within specified tolerances (determined by the
particular WAAS implementation, in accordance with FAA Order 6000.15B), monitor
configuration of the system and configuration changes, and detect out-of-tolerance conditions.
This subfunction includes monitoring of system functiona and performance trendsto assg in
identifying and correcting potentia faults before they impact system operetions.

313921 Inputs
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The inputs to the syslem monitor and control subfunction are;

gathered WAAS Component and Equipment Configuration Data;

gathered WAAS Component and Equipment Status Data;

gathered WAAS Component and Equipment Performance Data;

gathered Function 6 Data;

gathered WAAS Signd Quadlity Parameters,

gathered manud inputs,

UTC; ad

list of satellitesthat should be in view but whose sgnals are not being received.

S@ o a0 o

3.1.39.22  Processing

3.139.221  Continuity of Processing
System monitor and control shdl take place continuously.

3.1.39.222  Operational Configuration Control and Management
Subfunction 2 shal manage and control the operationd configuration of the WAAS to ensure
that system functiona and performance requirements are being met.

3.1.39.223  DataPresentation
Subfunction 2 shal generate data and graphical displays of GPSWAAS configuration and
performance information for use by WMS and OCC personndl.

3.1.3.9.2.23.1 Displays
Displays of GPSWAAS data shdl include, as a minimum:

(1) graphica representation of the status and configuration of al WAAS components
and equipment within 2 seconds of arrival a WMS or OCC of status change data
(indluding dl darms, derts and return-to-norma indications),

(2) graphica geographic representation of GPSWAAS coverage,

(3) graphica geographic representation of the service being provided to the coverage
region (precision approach, en route through norprecision approach),

(4) status of GPS satellites, and

(5) gatusof WAAS communications network.

3.1.39.224  Security
Subfunction 2 shdl provide three levels of computer security in the form of user ID's,
passwords, and privilege levelsto protect the WAAS againgt unauthorized accessin
accordance with FAA Order 1600.54B.

3.1.39.225  Degradation Protection
Subfunction 2 shdl protect the WAAS againgt inadvertent degradation of system performance
by authorized personnd.

3.1.39.226 WAASMaintenance Alarms
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Subfunction 2 shdl provide visua and audio darms with time stamps to the WMS and OCC
personnel, and aarm natifications to the corrective maintenance subfunction. A WAAS
Maintenance Alarm is defined to have occurred when any key performance or certifiable
parameter of an on-line or off-line and available component or equipment exceeds established
operationd limits causing loss of service to the user or operator. Indications of imminent
component or equipment failure or service interruption require immediate corrective action.

3139227 Alerts
Subfunction 2 shdl provide visua and audio derts withtime stamps to the WM S and OCC
personnedl, and dert notifications to the corrective maintenance subfunction. An aert is defined
as anotification of an abnorma condition by ether an on-line or off-line and available
component or equipment that does not cause aloss of service to the user or operator.
Indications of component or equipment status outside nomina or desired operationa
tolerance(s) or predetermined maintenance threshol d(s), which may cause component failure or
sarvice interruption if gppropriate action is not taken, require corrective action.

3.1.39.228 Aletand Alarm Latency
Subfunction 2 shdl transfer dert and darm messages within an average time of five seconds
and amaximum time of eight seconds. Thistime is measured from the generation of the dert or
aarm to the receipt of the message in the WM S and OCC.

3.1.39.229  Alert and Alarm Acknowledgment
Subfunction 2 shal provide the mechanisms for acknowledging derts and darms using no more
than 2 keystrokes. Acknowledgment includes the silencing of audio derts and darms and
preservation of visud indications.

3.1.39.2210 System Certification
Subfunction 2 shdl provide sufficient informetion to dlow certification of the WAASIn
accordance with the procedures developed under FAA Order 6000.15B.

3.1.39.2211 DataRecording, Archiving and Retrieval

3.1.3.9.2.2.11.1 System Level Recording
Subfunction 2 shal have a data recording capability to support playback, performance andys's
and verification, dataanadyss, and smulaion.

3.1.3.9.2.2.11.2 Component Level Recording Content
Subfunction 2 shdl archive dectronically recorded GPS and WAAS received data including
GEO broadcast navigation data to meet the data storage, recording, and duration requirements
of NAS-SS-1000 Volume I, (paragraph 3.2.1.2.8.3).

3.1.3.9.2.2.11.3 Component Level Playback
Subfunction 2 shal have the capability to playback the recorded data on a separate and
independent subsystem from that used for red-time transmission of data to Function 6.
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3.1.3.9.2.2.11.4 Component Level Observation Data Recording Content
Subfunction 2 shall record, for al tracked satdllites and for each WRS location, raw receiver
binary data at aminimum rate of 1 Hz sufficient to creete the following data from combinations
of recorded data:
(1) L1 carrier phase from GPS and GEO satdllites with aresolution of 0.01 cycles;
(2) L2 carrier phase from GPS satdlites (full-wavelength and not squared) with a
resolution of 0.01 cycles,
(3) L1 C/A code pseudorange from GPS and GEO satellites with aresolution of 0.01
m or better; and
(4) L2 code pseudorange from GPS satellites with aresolution of 0.01 m or better.
(The L2 code pseudorange may be satisfied by a cross-correlation mode L2 code
delay observation. Other methods such as Z tracking are also acceptable.)

3.1.3.9.2.2.11.5 Component Level Navigation Data Recording Content
Subfunction 2 shdl record complete GPS broadcast navigation data for dl tracked satellites,
whenever the broadcast parameters change, and at least once every hour if broadcast data do
not change.

3.1.3.9.2.2.11.6 Component Level Tropospheric Data Recording Content
Subfunction 2 shdl record any tropospheric data used to minimize tropospheric effectsat a
minimum rate of once per minute.

3.1.3.9.2.2.11.7 Reserved
3.1.39.2212 WAASNework Time (WNT)

3.1.3.9.2.2.12.1 WNT Determination
Subfunction 2 shdl derive aWNT standard and maintain it rdative to GPS time in accordance
with the requirements of paragraph 3.2.8 of this specification.

3.1.3.9.2.2.12.2 WNT/UTC Offset Determination
Subfunction 2 shal determine the WNT/UTC offset parameters as defined in Appendix 2,
paragraph 4.4.15.

3.1.39.2213 GEO Satdlite Testing
Subfunction 2 shdl have the capability to notify Function 7 to set the GEO satellite to the
testing mode, as defined in Appendix 2, Table 2.

3.1.39.23  Outputs
The outputs of this subfunction shdl be:
a. displaysof gatus, coverage, and service qudity;
b. GPSand WAAS datato archives,
Cc. sysemadams,
d. sysemderts,
€. mantenance prioritization data;
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f. sysem configuration data;
g sydem fault datainternaly generated by WAAS components or equipment;
h. WNT/UTC offset; and
i. GEO sadlite testing mode command.

3.1.39.3 Corrective Maintenance (Subfunction 3)
In order to accomplish corrective maintenance, this subfunction must verify anomaous
conditions detected during nomina system operation, support isolation of faultsto theline
replaceable unit (LRU), support replacement of defectivelfaulty LRUS, restore the component
or equipment to full cgpakility (including proper levels of redundancy), and perform the
required maintenance adminigtration activities.

313931 Inputs

The inputs to the corrective maintenance subfunction are:
maintenance archives,
al Function 6 verification and vaidation outputs;
external maintenance reports and data;
reconfiguration requests;
equipment verification support requests;
WAAS component and equipment configuration data;
WAAS component and equipment status data;
WAAS configuration change data;
WAAS component and equipment change data; and
darms, derts and sdf-generated data on faults.

et Rl B WY R < g

3.1.39.3.2  Processng

3.1.3.9.3.2.1 Fault Detection and I solation
Subfunction 3 shal have the capability to detect and isolate faullts.

3.1.3.9.3.2.1.1 Fault Detection
Subfunction 3 fault detection shal be completed within an average time of 5 seconds and a
maximum time of 8 seconds.

3.1.3.9.3.2.1.2 Fault Isolation
Subfunction 3 fault isolation shal correctly isolate faultsto 1 LRU in 90% of dl cases and to not
more than 4 LRUs in the remaining 10% of dl cases.

3.1.3.9.3.2.1.3 Fault Isolation Time
Subfunction 3 fault isolation shal be completed within a maximum time of 10 minutes.

3139322  System Configuration Status
Subfunction 3 shal modify the syssem configuration to bring backup and stand- by equipment
on-line without degrading system performance specified in section 3.2.1.
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3.1.39.3.23 Maintenance During Normal Operation
Operations in the norma mode shall continue even during periods of corrective maintenance.

3.1.39.324  MaintenancePriority Generation
Subfunction 3 shall specify the relative order of precedence for open or incomplete
maintenance items, including corrective maintenance activities, in the event of multiple sysem
component and equipment failures. This precedence will be established based upon returning
the system to nomina operations as effectively as possible.

3.1.39.3.25 Reser ved

3.1.39.3.26 Remotelnitialization
Subfunction 3 shall support the remote re-initidization of syslem components and equipment to
resat failures, including restarting hardware such as microcomputers.

3.1.39.327 Remote Reloading of Software and Databases
Subfunction 3 shdl support remote reloading of software and databases without interrupting
the norma mode.

3.1.39.3.28  Off-line EQuipment Verification
Subfunction 3 shdl verify system operation in an off-line mode which does not jeopardize
systemn operation after the faulty equipment has been replaced, or the software has been re-
initidized or reloaded.

3.1.39.329 Resumption of Operation
Subfunction 3 shdl transfer control of the component to the system monitor and control
subfunction after the correction has been verified.

3.1.3.9.3.210 Record Keeping
Subfunction 3 shal support the completion of maintenance adminigtration functions by
automeatically recording, maintaining and printing log deta, system configuration deta, darm and
dert data, acknowledgment data, failure data, and other maintenance information, in
accordance with FAA Order 6000.15B.

3.1.3.9.3.211 Archival of Maintenance Data
Subfunction 3 shdl provide for the archiva of maintenance data records.

3.1.39.3.212 Retrieval of Maintenance Data
Subfunction 3 shdl automaticaly store, retain, and alow easy access to dl maintenance data,
configuration management data, administrative data, and maintenance log entries.

3.1.3.9.33  Outputs
The outputs of the Corrective Maintenance subfunction shall be:
a. faultindications
b. faled LRU indications
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reconfiguration commands;

equipment verification support commands;
maintenance data records,

maintenance data archives,

list of corrective maintenance priorities;
initidization commands, and

reloading commands.

QD0

31394 Periodic Maintenance (PM) (Subfunction 4)
In order to accomplish periodic maintenance, the periodic maintenance requirements must be
established and periodic maintenance activities must be managed. Periodic maintenance
includes dl mandatory activities performed on aroutine or scheduled basis to maintain system
performance, minimize service interruptions and mgjor system breakdowns, and extend the
useful life of the equipment.

3.1.394.1 Inputs
The inputs to the periodic maintenance subfunction are;
a.  manufacturer'sivendor's recommended PM schedules;
b. lig of corrective maintenance priorities, and
c. PM approval.

3.1.3942  Processing

3139421  Manufacturer's Recommended PM
Subfunction 4 shdl establish the periodic maintenance requirements for each of the WAAS
equipment items from manufacturer's or vendor's requirements.

3.1.39.422  Maintenance Coordination
Subfunction 4 shdl receive gpprova and prioritization of periodic maintenance activitiesto
ensure that these activities do not degrade or threaten system performance.

3.1.39.423  Maintenance During Normal Operations
Subfunction 4 shdl be capable of supporting periodic mantenance activities without
compromising System operetion or performance.

3139424  Maintenance Schedule
Subfunction 4 shdl maintain periodic and corrective maintenance schedules in accordance with
component and equipment requirements, and display these schedules to help ensure that
maintenance activities are completed in atimely and efficient manner (so asto not thresten
operation in the norma mode) and that they will be performed only with the knowledge and
consent of AF NAS systems operations personnel at the OCCs or WM Ss.

3.1.3.94.3 Outputs
The output generated by the Periodic Maintenance subfunction shal be;
a. mantenance schedule displays, and
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b. maintenance prioritization data.

3.1.395 Remote Maintenance and Monitoring System (RMMYS)
All Function 8 cgpabilities shdl be remotable so that RMM S requirements can be incorporated
into the WAAS in accordance with NAS-MD-793 and the connectivity specified in NAS-IR-
51035101, Appendix IV.

3.2  System Characteristics

321 Signal-in-Space Requirements
The GPSWAAS Signa-In-Space (SIS) performance requirements are presented in two parts.
those for en route through non-precision approach and those for precision gpproach. To put
the GPSWAAS SIS performance requirements into perspective with the performance
alocation of the other parts of the system, the performance requirements in tables 3.2-1 and
3.2-2 show four categories of performance requirements. Requirements imposed by this
specification arein bold print in the gpplicable tables. Due to the tradeoffs available in
designing the WAAS, some WAAS SIS requirements are imposed by Navigation System
requirements. The definitions for the four categories are:

a TheTotd Sysem includesdl of the sources that affect the performance parameters
during an operation. It includes the performance parameter contributions of the
Navigation System and the Flight Technicd Error (FTE). The FTE isthe accuracy with
which the aircraft is controlled as measured by the indicated aircraft position with respect
to the indicated command or desired position. The FTE contributionis not shown in the
table but it isincluded in the Totd System column.

b. The Navigation System includes the performance parameters contribution of the
GPS'WAAS SIS and the airborne navigation error.

c. The GPS'WAAS SIS includesthe GPS sgnds, the GEO satellites, and the WAAS
ground network.

d. The column inthetable labded “arborne’ includes recelver noise, multipath, and
tropospheric effects, and excludes FTE.

The GPS\WAAS SIS performance requirements shall be met under the following conditions
(1) the GPS satdllite congtellation is operationd as defined by the Globa Pogtioning Systems
Standard Positioning Service Signd Specification; (2) the user equipment iswithin the service
volume defined by paragraphs 3.2.1.2.6 or 3.2.1.3.6; (3) GPS and GEO satellite outage rates
and durations are as provided in Appendix 1; and (4) the Phase 1 avionics contribution to
pseudorange error is assumed to be zero.

3.211 Perfor mance Char acteristics Definitions

32111  Availability
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Avalability is defined as the probability that the navigation and fault detection functions are
operationa and that the GPS'WAAS SIS accuracy, integrity, and continuity of function
requirements are met.

3.211.2 Accuracy
Accuracy is defined as the degree of conformance between an estimated or measured value at
agiventime and itstrue vaue.

321121 Horizontal Postion Accuracy
The k-th percent horizontal position accuracy is defined to be the value of the k-th percentile of
the horizonta radia postion error distribution experienced by a standard WAAS receiver a a
specific location. The horizonta position accuracy is affected by the GPSWAAS congtdlation
(geometric effects) and the accuracy of the WAAS pseudorange corrections. Horizonta
position accuracy will be specified as 95th percent or 99.999th percent horizonta position
accuracy.

321122  Vertical Postion Accuracy
The k-th percent vertica pogition accuracy is defined to be the value of the k-th percentile of
the vertical podtion error distribution experienced by a standard WAAS receiver a a specific
location. The vertical position accuracy is affected by the GPSWAAS congellation (geometric
effects) and the WAAS pseudorange corrections. Vertical position accuracy will be specified
as the 95th percent vertica postion accurecy.

3.21.1.23 Pseudorange Accuracy
The k-th percent pseudorange accuracy is defined to be the value of the k-th percentile of the
digtribution of the WAAS-corrected pseudorange error which may occur at a specific location
over 24 hours. Note that both the clock and ephemeris correction errors and ionospheric
modd errors contribute to the accuracy performance throughout the service volume. The 95th
percent pseudorange accuracy is provided for a standard WAAS receiver, and is used only to
define horizontal and vertical position accuracies.

321124  User Differential Range Error (UDRE)
The UDRE is determined such that the UDRE(G defined in paragraph 3.2.1.3.1, bounds the
resdua (post-correction) pseudorange error attributable to the fast corrections and long-term
corrections with a probability of 0.999 at agiven location while the datais active. Datais
defined to be active from the time of arriva of the last bit of the WAAS SIS message at a user
until the expiration of the user timeout interval (see Appendix 2).

321125 User lonospheric Vertical Error (UIVE)
The UIVE bounds the resdua (post-correction) pseudorange error attributable to the user
computed vertica ionospheric delay for a satellite with a probability of 0.999 while the datais
active. Itisinterpolated from Grid lonospheric Vertica Errors (GIVES).

321126  Gridlonospheric Vertical Error (GIVE)
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The GIVE is determined such that any UIVE computed from the GIVEs, bounds the residud
(post-correction) error in the user computed vertical ionospheric delay with a probability of
0.999.

32113 Integrity
Integrity is defined as the ability of a system to provide timely warnings to users when the
system should not be used for navigation. For this specification, there are three components of
integrity : Probability of HMI, Timeto Alarm, and Alarm Condition. They are defined as
follows

3.21.1.31  Probability of Hazardoudy Mideading I nformation (HMI) for Precison
Approach

For precision approach the probability of HMI for the GPS/\WAAS SIS is defined as the
probability that one or both of the following conditionsistrue;

1. The WAAS VPL computed from any active dataisless than the actud verticd navigation
system error for a period of time greater than or equd to the time-to-alarm, or for aperiod
of time shorter than the time-to-aarm unless followed immediately by the sending of 4
consecutive WAAS broadcast messages that correct the condition.

2. TheWAASHPL computed from any active datais |ess than the component in any direction
of the horizonta navigation system error for aperiod of time greater than or equd to the
time-to-darm, or for a period of time shorter than the time-to-darm unless followed
immediatdly by the sending of 4 consecutive WAAS broadcast messages that correct the
condition

3.21.1.3.2  Probability of HMI for En Route through Non Precison Approach
For en route through non precision gpproach the probability of HMI for the GPSWAAS SIS
is defined as the probability that the WAAS horizonta protection level computed from any
active datais less than the actud radid horizonta navigation system error for aperiod of time
greater than or equd to the time-to-darm, or for a period of time shorter than the time-to-
adarm unless followed immediately by the sending of 4 consecutive WAAS broadcast
messages that correct the condition. The WAAS protection leve for en-route through
nonprecision gpproach is defined in RTCA/DO-229 Appendix J.

321133 TimetoAlarm
The WAAS timeto darm is defined as the time starting when an darm condition occurs to the
time that the last bit of the darm message ("Don't Use' message or aWAAS SIS message that
removes the alarm condition) arrives a the user’ s antenna. Time to detect the alarm condiition
isincluded in this requirement.
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3.21.1.34  Alarm Condition
A WAAS SIS darm condition is defined to occur when thereis any set of satellites for which
the user-calculated horizontal and vertica protection leve, usng any combination of active
data, does not bound the actua horizonta and vertical position error.

32114 Continuity of Function
Continuity of function is defined as the probability thet the navigation accuracy and integrity
requirements will be supported by the GPSWAAS SIS throughout a flight operation or flight
hour given that they are supported a the beginning of the flight operation or flight hour and that
the flight operation isinitiated and predicated on the operation of the function. Satdllite outages
predicted at least 48 hoursin advance of the outage do not contribute to aloss of continuity.
Hardware failures and alarm messages that cause operations interruptions impact the continuity
of function probability vaue.

321141  Continuity of Navigation
The continuity of the navigation function is defined as the probability that the accuracy
requirements will be supported by the GPSWAAS SIS throughout a flight operation or flight
hour, given that they were supported a the beginning of the flight operation or flight hour and
that the flight operation isinitiated and predicated on the operation of the function. Satellite
outages predicted at least 48 hours in advance of the outage do not contribute to aloss of
continuity.

3.21.14.2  Continuity of Fault Detection
The continuity of the fault detection function is defined as the probability that integrity
monitoring is supported by the GPSWAAS SIS, i.e,, it supports detection of errors larger
than the protection limit with the required probability, within the required time and throughout a
flight operation or flight hour, given that it existed at the beginning of the flight operation or flight
hour and that the flight operation isinitiated and predicated on the operation of the function.
Satellite outages predicted at least 48 hours in advance of the outage do not contribute to a
loss of continuity. The integrity monitoring function for en route through nonprecision approach
is supported by the GPSWAAS SIS either through WAAS messages or by providing
aufficient ranging sources to support Receiver Autonomous I ntegrity Monitoring (RAIM) as
defined in RTCA/DO-208 as modified by TSO C-129. For precision gpproach, the integrity
monitoring function is supported only by the GPSWAAS through WAAS messages.

3.21.15 Reserved

32116 Service Volume
The sarvice volumeis defined to be those regions which must receive the required level of
avalability.

3212 En Route Through Nonprecison Approach Performance Requirements
The GPS'WAAS SIS performance requirements for en route through nonprecision approach
phases of flight are summarized in table 3.2- 1.
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Table 3.2-1 Performance Requirements

En Route through Nonprecision Approach (NPA)

The availability of the en route through nonprecision approach service, mesting the

Performance Requirement Tota Sysem | Navigation GPS'WAAS | Airborne
System Sgnd-in
Space
Availability 0.99999 0.99999 0.99999 Not
Specified
Accuracy
95% Horizonta Position Not specified | 0.054 nmi Not Not
(100 m) Specified Specified
99.999% Horizonta Not 0.27 nmi Not Not
Position Specified (500 m) Specified Specified
95% Vertica Postion N/A N/A N/A N/A
95% Pseudorange N/A Not Specified | Not 1.2m
Specified
Integrity
Probability of HMI Not 3 Not Specified 107 /hour | Not 3
Specified Specified
Time-to-Alarm 10 sec 10 sec 8 sec 2 SeC
Continuity of Function
Continuity of Navigation | 9195/ | 1-10°%/hour | 1-208/ | 1-107/
hour hour hour
Continuity of Faut 1-2x10%) | 1-2x109/| 1-10°/ | 1-10°/
Detection (1) / hour hour hour hour
@ Excluding outages of less than 5 minutes.
32121 Availability

requirements of paragraphs 3.2.1.2.2 through 3.2.1.2.5, shall be at least 0.99999 at every
location within the full service volume,

321211

Unavailability
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The integrity requirementsin paragraph 3.2.1.2.3.1 shdl gpply to any information generated by
the WAAS during periods of unavailability of en route through nonprecision gpproach.

32122 Accuracy

321221 95% Horizontal Postion Accuracy
The 95% horizonta position accuracy shall not exceed 100 meters at every location over 24
hours within the service volume.

321222 99.999% Horizontal Postion Accuracy
The 99.999% horizonta position accuracy shdl not exceed 500 meters at every location over
24 hours within the service volume.

32123 Integrity

3.21.231  Probability of Hazardoudy Mideading I nformation (HMI)
The probability that any HMI is presented to a user shdl not exceed 107 per hour. Note that
aninvalid UDRE or GIVE might not congtitute HMI for en route through nonprecision
approach.

321232 TimetoAlarm
The WAAS timeto alarm shall not exceed 8 seconds for the first darm message for agiven
adarm condition. However, this requirement is superseded by the more stringent requirement
for precision approaches as defined in paragraph 3.2.1.3.3.2.

3.21.233 Alarm Limit
A GPSIWAAS SIS darm shal be generated when the darm condition defined in paragraph
3.2.1.1.34 exids.

32124 Continuity of Function
3.21.24.1  Continuity of Navigation

Given two Geodtationary Earth Orbit (GEO) satdllite links are available to each user, the

continuity of navigation shdl be at least (1 - 10'8) per hour at every location and timein the
srvice volume.

3.21.24.2  Continuity of Fault Detection
Given two Geodtationary Earth Orbit (GEO) satdllite links are available to each user, the
continuity of fault detection shall be at least (1 - 10'5) per hour at every location and timein the
sarvice volume, excluding outages of less than 5 minutes. Note that while the conditiona
probability of outages of less than 5 minutes need not be counted againgt the continuity of fault
detection, the availability of the fault detection function itsdf must dill be at least 0.99999 in
accordance with the requirement of Paragraph 3.2.1.2.1 and the definition of Paragraph
32111

32125 Reserved
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3.21.26 Service Volume

3.21.26.1  Full Service
The en route through non precision gpproach performance requirements of paragraphs
3.2.1.2.1. through 3.2.1.2.5 shdl be met from the surface up to 100,000 feet above mean sea
level within the region bounded by the line segments defined by consecutive pairs of pointsin
the following list of coordinates and within the northern limits of GEO satdllite coverage as
defined in paragraph 3.2.4.1.1:

LATITUDE LONGITUDE

50°N 61° W
50°N 122°W
70°N 140°W
70°N 165° W
68°N 169°W
20°N 164° W
17°N 160°W
17°N 155°W
30°N 120° W
16° N 75° W
16°N 61° W
50°N 61° W

3.21.26.2 Partial Service
The en route through non precision approach requirements of paragraphs 3.2.1.2.2 and
3.2.1.2.3 shdl be met everywhere in the GEO satellite broadcast coverage areawithin U.S,
controlled airgpace when the WAAS can monitor the GPS and GEO broadcast satellites.
The GEO satdllite broadcast coverage areais defined to be areas in which the GEO satellite
recaived sgna srengthisat least -161 dBW.

3213 Precison Approach Performance Requirements
The GPSWAAS SIS performance requirements to support the precision approach phase of
flight are summarized in table 3.2-2.
Table 3.2-2 Performance Requirements

Precison Approach
Performance Requirement Totd Navigation | GPSWAAS Airborne
System System Sgna-in
Space
Availability Not Not 0.999 Not
Specified Specified Specified
Accuracy
95% Horizonta Postion 335m 7.6m Not Not
Specified Specified
32
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95% Vertical Pogition 9.8m 7.6m Not Not
Specified Specified
95% Pseudorange N/A Not Not Specified 12m
Specified
Integrity
Probability of HMI Not Not 107/ Not
Specified Specified approach Specified
Time-to-Alarm Not Not 5.2 sec Not
Specified Specified Specified
Continuity of Function 1- 1074/ 1- 1074/ 1-(55 10—5)/ 1-(45x
approach approach approach 10 )
approach
Continuity of Navigation Not Not Not Specified Not
Specified Specified Specified
Continuity of Fault Not Not Not Specified Not
Detection Specified Specified Specified

32131 Availability
The availability of the precision gpproach service shdl be a least 0.999 at any point and time
within the service volume. Precison approach is defined to be available when the requirements
of paragraph 3.2.1.3.2 through 3.2.1.3.5 are met, and when the UDRE and GIVE of some
subset of 8 or fewer satellites yield a conservative vertical postion error bound of 15.0 meters
when used in the following equetion:

v 2 . L2 A
K\/o" , Z&JDRE', § (”)2+aeFj UIVE, § 9
jair

k2 G -+ T T£15.0m,
21 3‘3%5 -

where n isthe number of satellites used in the position solution, kgj isthe partid derivative
of the vertical pogtion fixing error with respect to pseudorange error on the j-th satdlite (for
adiscussion of the K matrix see GPS SPS Signd Specification, Annex C, Section 4.4), s,
is the standard deviation of the avionics contribution to the pseudorange error , F isthe
obliquity factor, defined in Appendix 2, paragraph 4.4.10, and UIVE is cdculated from the
GIVEs asdefined in Appendix 2, paragraph 4.4.10.

UDRE; isdefined as

UDRE(t) =UDRE, +329" a t-t_+t F /2
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where

UDRE; = UDRE broadcast for the i"" satellite (Type 2 - 6)

a, = fast correction degradation factor for the i satdlite (Type 7)

t = current time

t, = UDRE time of gpplicahility (time of gpplicability of corresponding fast
corrections if IODF;=3, or time of applicability of Type 6 when |ODF; < 3)
t, = system latency time (Type 7)

321311 Unavailability
The integrity requirementsin paragraph 3.2.1.3.3 shdl be met during periods of unavailability
of precison approach.

3.2.1.3.2 Accuracy

321321 Horizontal Postion Accuracy
The 95% horizontal position accuracy shall not exceed 7.6 meters at any location in the service
volume.

321322 Vertical Postion Accuracy
The 95% verticd position accuracy shdl not exceed 7.6 meters a any location in the service
volume.

3.2.133 Integrity
3.21.33.1 Probability of Hazardoudy Mideading I nformation (HMI)

The probability that HMI is presented to a user during an gpproach shal not exceed 107, The
duration of a precision gpproach is defined to be 150 seconds.

321332 TimetoAlarm
The WAAS time to darm shall not exceed 5.2 seconds for the first darm message for agiven
adarm condition.

3.2.1.3.3.3 Alarm Limit

A GPSWAAS SIS darm shall be generated when the condition defined in paragraph
3.21.1.34 exists.

32134 Continuity of Function
Given two GEO sadlite links are available to each user, the continuity of function shdl be at

least (1- 5.5x 10'5) per precison gpproach at every location and time in the service volume.
The duration of a precision gpproach is defined to be 150 seconds.

3.2.1.35 Reserved

3.2.1.3.6 Service Volume
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The precision approach performance requirements of paragraphs 3.2.1.3.1t0 3.2.1.3.5 shdl
be met from the surface up to 10,000 feet above the surface within the airspace of the 48
conterminous states, Hawalii, Puerto Rico, and Alaska (except for the Alaskan peninsulawest
of longitude 160° W and outside of the limits of the GEO satellite broadcast coverage; the
GEO satellite broadcast coverage area is defined to be areas in which the minimum GEO
satdlite received signa strength is as defined in paragraph 3.2.4.1.1).

322 Antenna Phase Center L ocation Requirements

3221 Antenna Phase Center Location Relative to Local Monument
The phase center of each antenna used to receive the GPS and GEO signas shdl be located
relative to aloca monument or a Continuoudy Operating Reference Station (CORS) with the
following accuracies
a. Horizontd: 1 cm 95% GPS; and
b. Veticd: 2cm 95% GPS.

3222 Local Monument L ocation Requirements

The local monument used for locating GPS and GEO receive antennashal bean U. S,
Geodetic Survey Federal Base Network Point or equivaent. The requirements are a Nationa
Geodetic Survey Qudlity Code A, or Code B where Code A isimpractica, for Horizonta and
Ellipsoidd Height and National Geodetic Reference System for Orthometric Height at the
following accuracy levels

a Horizontd: 5cm 95% GPS,

b. Ellipsoidd Height: 10 cm 95% GPS; and

c. Orthometric Height: 10 cm NAVD 88.

323 Processing Requirements

3231 System Capacity
The WAAS shdl have amodular design so that expansion can be accomplished by the
addition of hardware and software.

32311 U.S WAAS
The U.S. WAAS shall be capable of:

a. processing input from at least 50 geographicaly dispersed WRSs that meet the
established WRS'WMS interface;

b. networking of at least Sx WM Ss so that any one of the six can provide the total
WAAS service for the service volumes defined in paragraphs 3.2.1.2.6 and
3.2.1.3.6;

c. switching between WM Ss automaticaly with no interruption in service;, and

d. providing WAAS sgnd-in-space for a least nine GEO satdllites from eech WMS
a thesametime.

3.231.2 I nter national Expansion
The U.S. WAAS shall be capable of expanding to accept and process inputs from at least:
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a. 20internationd WRSs that meet the established WRSWMS interface for the U.S.
WAAS; and

b. seveninternationa WM Ssthat meet the WM SWMSS interface requirements to
pass satus information. These internationd WM Sswill expand the WAAS service
volume to include areas where U.S. WM Ss do not have a direct interface with
some of theinternational WRSs (examples. Europe, South America).

3232 Softwar e Development Requirements
Software is defined as computer programs, procedures, rules, and associated documentation
and data pertaining to the operation of the WAAS. Software shdl be developed in
accordance with FAA-STD-026 in conjunction with RTCA/DO-178B.

3233 Computer Hardware

32331 Computer Resour ce Reserve Capacity
Processing resour ce requirements for each element of the WAAS shdl be in accordance with
FAA-STD-026.

3.2.3.3.2 Computer Memory
All WAAS memory shdl incorporate error sensing, error reporting, and normd status
reporting, which will be consstent with mesting the overal system performance requirementsin
paragraph 3.2.1.

323321 VolatileMemory
Under worst case loading conditions, no more than 50% of the total addressable, populated
memory locations shdl be used during execution of any program to hold ingtructions or data.

3.23.32.2 Non-Volatile Memory
Nortvolatile memory includes such items as programmable read-only memory, dectricdly
programmable read-only memory, and non-volatile random access memory. Non-voldile
memory embedded in any WAAS component or equipment shall be cagpable of expangon with
no effect on form, fit, or interface factors in accordance with 3.2.3.3.2.3.

323323 Memory Increase Capability
It shdl be possible to increase the total amount of each type of memory by 100%.

32333 Processing Speed
Each processor, including input/output subsystems, in the WAAS System that executes
software in support of system performance requirements shal use no more than 70% of the
processor's throughput capability under worst case conditions.

324 Signal Processing Requirements

3.24.1 Sensitivity and Dynamic Range
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32411 L1-C/A Signal Processing Requirements
All L1-C/A sgnd processing requirements to support Function 1 in paragraph 3.1.3.2 shall be
met with an input sgna (GPS or WAAS) between -161 dBW and -153 dBW (dB relative to
1 wait a the output of a3dBi linearly polarized antenna) with an devation angle between 5°
and 90° and a sky temperature of 100K .

32412 L1-P(Y) and L2-P(Y) Signal Processing Requirements
All GPSL1/L2 signd processing requirements to support Function 1 in paragraph 3.1.3.2 shall
be met without knowledge of the Y-Code and with an L1-P(Y) signd between -163 dBW
and -155 dBW and an L2-P(Y) signa between -166 dBW and -154 dBW incident on the
antenna as Sated above. (Satellites a eevation angles below 5° will not be used without
aufficient test data and supporting analysisto justify use of alower mask angle))

3242 RF Interference Reection
The requirements stated below assume an RF environment in which unintentiond interference
above the gtated rgection levels are absent due to: (1) appropriate antenna Site selection, (2)
auitable filtering of emissions by offending interference sources, and/or (3) regulatory mandates
to curtail offending interference sources.

32421 I n-Band
In-band is defined to include al frequencies between 1217.6 MHz and 1237.6 MHz, for the
GPSL2-P(Y) signd and between 1565.42 MHz and 1585.42 MHz for the GRYWAAS L 1-
C/A and GPS L1-P(Y) sgnds. For purposes of verification relative to the paragraphs below,
multiple interfererswill be a the same elevation angle.

324211 Interferer Above5 DegreesElevation
After initid 9gnd acquisition and steady-state operation has commenced, a GPSWAAS
antennalreceiver shal meet dl sgnd processing requirements in the presence of in-band
interfering Sgnas that do not exceed the minimum desired signd by more than the following
levels (Table 3.2-3) asafunction of interfering Sgna bandwidth (BW) (in Hz):

Table 3.2-3 In-Band Reection Characteristics Above 5 Degrees

Sgnd Type Interference Bandwidth Totd Interference/Minimum Desired
Signa Power Ratio (1/9)

L1-C/A 0<BW£600 Hz 16 dB
L1-C/A 600<BW£1,000 Hz 21dB
L1-C/A 1,000<BW£10,000 Hz 21 + 6logi(BW/1000) dB
L1-C/A 10,000<BW£100,000 Hz 27 + 3logio(BW/10000) dB
L1-C/A 100,000 Hz <BW 30 dB

All 27 dB
L2-P(Y)
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Figure 3.2-1 indicates the respective in-band /S rgection levels corresponding to Table 3.2-3.
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Interference L1-C/A Signal In-band I/S
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0 <BW £ 600 +16
600 < BW £ 1000 +21
1000 < BW £ 10,000 | 21 +6 logy o (BW/1000)
10,000 < BWE 100,000 | 27 +3 log, ; (BW/10000)
100,000 < BW 30
Figure 3.2-1: Interference-to-Minimum Desired GPS/WAAS Signal (I/S) Tolerance
324212 Interferer Below 2.5 Degrees Elevation

No in-band interferer or combination of interferers with I/S up to 10 dB above the interfering
power ratio in paragraph 3.2.4.2.1.1 (for the appropriate interfering bandwidth) and arriving
from an elevation angle of less than or equa to 2.5 degrees shdl preclude a GPSWAAS

antennalreceiver from meeting dl signd processing requirements.
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324213 Interferer Between 2.5 and 5 Degrees Elevation
No in-band interferer or combination of interferers arriving from an eevation angle between
2.5 and 5 degrees, and with total 1/S less than or equa to a vaue interpolated between the
requirementsin paragraphs 3.2.4.2.1.1 and 3.2.4.2.1.2 (for the appropriate interfering
bandwidth) shal preclude a GPS'WAAS antennalreceiver from meeting al sgna processing
requirements.

32422 Out-Of-Band
Out-of-band is defined to include dl frequencieslessthan 1217.6 MHz, dl frequencies
between 1237.6 MHz and 1565.42 MHz, and al frequencies greater than 1585.42 MHz. For
purposes of verification, multiple interfererswill be a the same devation angle.

324221 CW Interferer Above5 DegreesElevation
After initid signd acquisition and steady-State operation has commenced, a GPSWAAS
antennalreceiver shal meet al Sgnal processing requirements in the presence of out-of-band
interfering signas that do not exceed the minimum desired sgna power by more than the
following levels (Table 3.2-4) asafunction of interfering Sgna frequency:

Table 3.2-4 Out-of-Band Rejection Characteristics Above 5 Degrees

Frequency, f (MHz)

Totd Interference/Minimum Desired
Signd Power Ratio (1/9)

f£1181.1 3100 dB
1181.1<f £1217.6 +100 - 2*(f-1181.1) dB
1237.6<f £ 1274.1 +27 + 2*(f - 1237.6) dB

1274.1<f £ 1530.42 3100 dB

1530.42 < f £ 1565.42

+100 - 2*(f-1530.42) dB

1585.42 <f £ 1630.42

+30 + 2*(f - 1585.42) dB

1630.42 < f

3120 dB

Figure 3.2-1 describes the out-of-band 1/S regjection for the GPSWAAS sgnas

corresponding to Table 3.2-4.

324222

CW Interferer Below 2.5 Degrees Elevation
No out-of-band CW interferer or combination of interferers with 1/S up to 10 dB above the
interfering power ratio in paragraph 3.2.4.2.2.1 for the gppropriate interfering frequency and

arriving from an elevation angle of lessthan or equa to 2.5 degrees shdl preclude a
GPS/WAAS antennalreceiver from meseting dl signd processing requirements.
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324223 CW Interferer Between 2.5 and 5 Degrees Elevation
No out-of-band CW interferer or combination of interferers arriving from an devation angle
between 2.5 and 5 degrees, and with total 1/S less than or equa to a vaue interpolated
between the requirements in paragraph 3.2.4.2.2.1 and 3.2.4.2.2.2 (for the appropriate
interfering bandwidth) shal preclude a GPS'WAAS antennalreceiver from meeting dl sgnd
processing requirements.

3.24.2.3 Special I nterference Re ection Capability
The interference rg ection specified in section 3.2.4.2.1 and 3.2.4.2.2 may not be sufficient to
ensure that the WAAS meets its performance requirementsin the future. The requirementsin
the paragraphs below specify specid interference regjection capability and may be added asa
Separate item of equipment.

324231  Spatial Mitigation

3.24.23.1.1 Dynamic Steering
The GPSWAAS antennalreceiver shdl be capable of dynamically developing and steering at
least three antenna pattern nulls of depth at least 30 dB rdative to the gain of the
antennalreceiver array when thereis no interference.

3.24.2.3.1.2 AntennaPattern Nulls
The antenna pattern nulls shall be able to follow an emitter moving at an angular rate of 0.3
radians per second.

324232  Temporal Mitigation

3.24.2.3.21 Temporal Filtering
The GPS'WAAS antennalreceiver shdl be able to adaptively reject narrow and broadband
interference by tempord filtering.

3.24.2.3.2.2 Temporal Reection
The tempora reection shall be capable of adaptive synthesis of at least 30 dB suppression.

3.24.2.3.23 Temporal Interference Suppression
The tempord interference suppression capability shal have a minimum of 4096 degrees of
freedom and an adaptation time congtant of less than 20 ms.

3.24.23.24 PulseBlanking
A pulse blanking capability shal be provided.

3.24.2.3.3 Allowable Degradation
The use of null steering or tempora filtering techniques shal not degrade the GPSWAAS SIS
performance requirements specified in paragraph 3.2.1.
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32424 GEO Uplink Protection
The WAAS shdll protect the GEO uplink from interference and HMI.

324241 InterferenceProtection
The WAAS shall ensure that the sgnd tranamitted to the GEO satellite will be protected from
interference up to 10 dB above the established normd radiated sgna power.

324242 HMI Protection
The WAAS shdl not increase the probability that HMI is broadcast to a user in the presence
of unintentiond interfering sgnals up to 10 dB above established normal radiated signal power.

3.25 I nterface Requirements

3251 External I nterface Requirements
The WAAS will have four required externd interfaces as listed below:
a. TheGPStothe WAAS
b. WAAS o the Navigation Service User
c. WAAS o the Nationd Airgpace System (NAYS)
d. NAStoWAAS

32511 GPS Satdllitesto the WAAS
The WAAS shdl receive GPS signd data from the GPS Standard Positioning Service (SPS)
ontheLink 1 (L1) and Link 2 (L2) frequencies in accordance with the Globa Postioning
System Standard Positioning Service Signd Specification and GPS-1CD-200.

32512 WAASto User
The WAAS shdl tranamit dl of the WAAS messages identified in Appendix 2 to the GPS
navigation service usarsin accordance with the WAAS Signa Specification, Appendix 2.

32513 WAAStoNAS
All of the WAAS data required by the NAS, including status and performance data, shdl be
entered into the NAS from Function 8 through the OCCs.

32514 NASto WAAS
All of the manud entry of data and control shal be entered a the OCC or WMS by Airway
Facilities (AF) NAS systems operations personnel.

3.25.2 Internal Interface Requirements
Theinternd interfaces of the WAAS shdl conform to industry or government standard
interfaces.
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3.26  Ground Based Electronic Equipment Characteristics
The ground based eectronic equipment shall be Non-Developmenta Items (NDI) in
accordance with FAA-G-2100F. NDI equipment is defined as any one of the following:
a. item of supply that is avalable in the commercial marketplace (COTYS);
b. previoudy developed item of supply that isin use by a department or agency of the
United States, a gtate or local government, or aforeign Government;
C. item described above that requires only minor modification to meet the procuring
agency's requirements (includes Modified COTS); or
d. item currently being produced that does not meet the above requirements solely
because it is not yet in use, or not available in the commercid marketplace.

The dectronic equipment generd requirements are tailored in the following subparagraphs.
For the purposes of the following paragraphs, the term COTS will refer to dl commercid
equipment (paragraphs 3.2.6a, ¢, and d above); the term NDI refers to non-commercid
equipment (paragraph 3.2.6b above).

3261 Electrical
The Alternating Current (AC) supply line will be provided by the FAA facility that houses the
WAAS component(s). All WAAS equipment shdl meet the requirements of FAA-G-2100F,
paragraph 3.1.2.2, prior to ingtaling the WAAS component(s). If COTS equipment is chosen,
the requirements in FAA-G-2100F, paragraphs 3.1.2.5 through 3.1.2.6.2 and paragraph
3.1.2.8 shdl not apply.

3.26.2 M echanical
The WAAS components shal be designed to fit in an FAA-provided facility and meet the
applicable mechanica requirementsin FAA-G-2100F, paragraph 3.1.3. If COTS equipment
is chosen, the requirementsin FAA-G-2100F paragraphs 3.1.3.1 through 3.1.3.4.4 do not

3oply.

3.2.6.3 Interior Equipment Design Ranges
The parts of the WAAS components that will be operated within FAA facilities shal meet the
attended interior equipment and unattended interior equipment design ranges.

3.26.3.1 Attended Interior Equipment Design Ranges
The WAAS equipment that will be operated insde of attended FAA facilities, such asWMS
operator consoles, shal meet the environmental conditions specified in Environment | in FAA-
G-2100F, Table Il of paragraph 3.2.1.2.2. If COTS equipment is chosen, the requirements
in FAA-G-2100F, paragraphs 3.2.1.4 through 3.2.1.5 do not apply.

3.26.3.2 Unattended Interior Equipment Design Ranges
The WAAS equipment that will be operated insde of unattended FAA facilities, such as WRS
equipment, shall meet the environmenta conditions specified in Environment 11 in FAA-G-
2100F, Table Il of paragraph 3.2.1.2.2. If COTS equipment is chosen, the requirementsin
FAA-G-2100F, paragraphs 3.2.1.4 through 3.2.1.5 do not apply.
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3264 Exterior Equipment Design Ranges
The WAAS equipment that will be operated on the outside of FAA facilities, such as antennas,
shdl meet the environmenta conditions specified in Environment I11 in FAA-G-2100F, Table
[l of paragraph 3.2.1.2.2. If COTS equipment is chosen, the requirementsin FAA-G-
2100F, paragraphs 3.2.1.4 through 3.2.1.5 do not apply.

3.2.7 System Quality Factors
3271 Reliability

32711 WAAS Rdliability and Redundancy
The WAAS shdl have aufficient reliability and redundancy to meet the overal sysem
performance requirements in paragraph 3.2.1 with no single point of falure.

3.27.12 Mean Time Between Failure (MTBF)
Each WAAS component shdl have a minimum mean-time-between-failure (MTBF) of 2190
hours.

327.13 WAAS Rdliability and Availability
The WAAS design shdll satisfy the rdigbility and availability requirements specified in FAA
Order 6000.30B.

3.2.7.2 Maintainability
The maintainability of the WAAS shdl be cdculated with the following consderaions

32721 Mean Time To Repair (MTTR)
Each component in the WAAS shdl exhibit aMTTR of not more than 30 minutes, including
time required for fault isolation, repair, test, and restoration.

3.27.2.2 Initialization Time
A falure of WAAS operating system software shdl have a maximum re-initidization time for
each component of 10 minutes.

32723 Periodic Maintenance I nterval
The minimum interva for periodic maintenance for each component in the WAAS shdl not be
less than 2,190 hours (quarterly) and be limited to cleaning, ingpecting, adjusting and replacing
parts in accordance with their service life expectancy or as found necessary during ingpection.

3.27.24 Periodic Maintenance Service I nterruptions
Periodic maintenance shdl not require WAAS sarvice interruption or degradation for more
than 8 hours per year per component.
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3.27.25 Correcttive Maintenance Service I nterruptions
Corrective maintenance shal not interrupt or degrade the performance of any WAAS function.

3.2.7.2.6 Redundant Equipment Switching
Where redundant equipment is incorporated to provide required availability, switching to the
back-up dement shdl be automatic and be accomplished in time to maintain GPSWAAS
sgnd-in-space performance.

3.2.8 WAAS Network Time (WNT)

3.28.1 WNT/GPS Time Maintenance
WNT shdl be maintained such that the offset from GPStimeis less than 50 nanoseconds.

3282 WNT/UTC Time Maintenance
The WNT offset error from UTC (after correction as defined in paragraph 3.1.3.9.2.2.12.2)
shall be less than 20 nanoseconds.

3.2.83 GEO Satdlite Link Clock Stability
The time domain gability of GEO satdllite downlink clocks in the network shal be at least
2x10™ parts over 24 hours.

3.2.9 Fail-Safe, Fail-Soft Operation
WAAS equipment shall meet the fail-safe and fail- soft requirements of FAA-G-2100F,
paragraphs 3.2.5 and 3.2.6.

3.210 Personnel Safety
All WAAS LRU, including COTS, shdl conform to the gpplicable personnd safety
requirements of FAA-G-2100F, paragraph 3.3.6.

3.211 Human Engineering
In the sdlection of hardware and the design of software, dl WAAS components shal conform
to the applicable human engineering requirements of FAA-G-2100F, paragraph 3.3.7.

3212  System Security
All components of the WAAS will bein FAA facilities. The FAA will provide physicd
security. Where suitable FAA facilities cannot be identified, a security program will be
established and shal comply with the physical security requirements of FAA Order 1600.6.
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4.0 Hardwar e Quality Assurance Provisions and Softwar e Qualification
Requirements

4.1 Test Program
The WAAS will utilize developed software with NDI hardware. The term quality assurance
provisions applies to hardware and non-Computer Software Configuration Item (CSCl)
firmware embedded in hardware. The term qualification requirements applies to software
designated as a CSCI.

411 WAAS Test Program
A WAAS test program, conducted in accordance with FAA Order 1810.4B, "FAA NAS
Test and Evduation Policy", for Developmenta Test and Evauation (DT&E) and Production
Acceptance Test and Evauation (PAT&E) covering both the development and productions
phases, shall verify that the requirements of Section 3 of this specification have been met.

4111 Softwar e Qualification
Software qudlification requirements shall be defined in accordance with FAA-STD-026 and
RTCA/DO-178B.

4112 Hardwar e Quality Assurance
Hardware quality assurance provisonsfor NDI hardware shdl be defined in accordance with
FAA-STD-013D.

4.1.1.3 Verification Requirements Traceability Matrix (VRTM)
The VRTM in the Magter Test Plan (MTP) shdl specify the testing requirements.

4114 MTPVRTM
The MTP VRTM shdl be based on the VRTM in this specification (Appendix 3), the contract,
and subordinate requirements and meet the requirements of FAA-STD-024B.

41.1.5 Typesof Testing
Two types of testing will be used to verify that the WAAS has met the requirements of this
Specification.

41151 Development Test and Evaluation (DT&E)

411511 Rédliability Testing
Thereiability of the WAAS shdl be verified using the andyses methods required by FAA-G-
2100F and substantiated by a reliability tracking program where dl relevant failures that occur

during the test and eva uation program are recorded and the rdliability analyses updated to
reflect those falures.

411512 Engineering Evaluation and Test Requirements
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The Engineering Evaluaion and Test Requirements Program shdl include; DT&E & the
contractor's facilities, DT& E on a specified group of the Phase 1 WAAS, and ddtaDT& E
testing on the complete Phase 1 WAAS.

411513  Qualification Testing
Design Qudification Testing (DQT) shal be conducted as part of DT& E testing to establish
software qudification and to verify that system performance and functiond requirements of
Section 3 have been met. Hardware qudification testing is not required for NDI hardware,

411514  Formal Test Verification of Performance
Forma verification of performance requirements shdl be conducted as part of qudification
testing to vdidate the system performance requirements of Section 3.2 by testing and
demondration of the integrity and accuracy requirements, and by demonstration and andlysis of
the availability and continuity requirements.

41152 Production Acceptance Test and Evaluation (PAT&E)
PAT&E consgsof: Factory Acceptance Testing (FAT), Site Acceptance Testing (SAT), and
Contract Acceptance Inspections (CAI). These tests shall be used to verify the manufacture,
ingalation and checkout of the WAAS components.

4.2  General Testing Requirements
Formd testing is defined to be any testing for which there isa deliverable. The formd test and
evauation program shal meset the following generd requirements:

42.1 Government Witnessing of Testing
The government shal have the right to witness and gpprove al formal testing.

422 Quality Assurance Program

4221 Quality Assurance Program Guidance
The quality assurance program shal meet the requirements of FAA-STD-013D, Quality
Control Program Requirements, and FAA-STD-018A, Computer Software Quality Program
Requirements.

4222 Hardware and Software Quality Control Systems
The qudity program shdl include a hardware quality control system to monitor al materials and
equipment and a software quaity control system to monitor al software.

4.2.2.3 Test Conduct
All forma testing shdl be conducted in accordance with the quality assurance program.

4.2.3 Configuration Management
All formd tegting shdl be performed under the configuration management requirements of
FAA-STD-021, Configuration Management, MIL-STD-973, Notice 1, Configuration
Management, and FAA Order 1800.8F, NAS Configuration Management.
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4.2.4 Regression Testing
Regresson testing shal be performed as required by individua test plans and the configuration
management requirements.

4.3  Special Testsand Examination Requirements

431 Use of Simulation
All formd testing shdl be performed using the actud WAAS hardware and software except
where smulation is required during DT&E testing. Any testing usng Smulation will be judtified
in the MTP and confirmed during DT& E on the FVS and during DT& E on the WAAS. .

4.3.2 Test Samples
No hand-picking or pre-screening of hardware shdl be dlowed unlessit isformally a part of
the hardware's specification and is also approved by the government.

433 Interruption of Tests
Formal tests shall not be interrupted once a test has started except where noted in the
approved test procedures.

4.3.4 Failure Reporting and Tracking
All failuresthat occur during formal testing shal be documented, tracked, and resolved.

4.35 Certification of Test Environment
All amulations, operating systems, test scripts, configuration management tools, test hardware,
andysistools, Computer Aided Software Engineering (CASE) tools, and any other support
software and hardware used to support formal testing shal undergo certification testing and be
under formd configuration management. The certification will establish that the support item
reliably meets the requirements of its intended function, that it isingtaled properly, thet it is
properly documented, and that it is under configuration control.
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5.0 Notes
5.1  Background Information

51.1 Global Positioning System (GPS) System
The Globa Positioning System (GPS) is a space-based radio postioning and timing system.
The system provides, on aworldwide basis, asignd environment that enables usarsto
determine precise, three-dimensona position and velocity, and system time. The GPS was
developed, deployed, and is being operated by the U.S. DOD.

The FAA Satdlite Navigation Program was created to explore the civil aviation applications of
the DOD GPS Program. The GPS congtellation as provided by DOD consists of 24 satellites
placed in 6 orbita planes with 4 satdlitesin each plane. The satellites operatein nearly circular
orbits with gpproximately a 12 hour period for each orbit. Operationaly, the satellites are
positioned so that at least 5 satdllites above 5 degrees in elevation are generdly in view by a
user a any location on the earth's surface. By receiving and processing the signas transmitted
from each satdlite, auser can determineits location anywhere on the earth in three dimensions.

The Standard Positioning Service (SPS) is a podtioning and timing service which is available to
al GPS users on a continuous, worldwide basis. The SPSwill be provided on the GPS Link
1 (L1) frequency (1575.42 MHz) which contains a Coarse Acquisition (C/A) code and a
navigation data message. The SPSwill provide, on adaily bass, the capability to obtain
horizontal positioning accuracy within 100 meters (95% probability) and 300 meters (99.99%
probability), vertical positioning accuracy within 156 meters (95% probability) and 500 meters
(99.99% probahility), and time transfer accuracy within 340 nanoseconds (95% probability).

The Precise Pogtioning Service (PPS) is apostioning and timing service which isavailable to
authorized GPS users on a continuous, worldwide basis. The PPS will be provided on the
GPS L1 (1575.42 MHz) and L2 (1227.6 MHz) signals which are modulated with along P-
code (or secure Y-code) and the navigation datamessage. The L1-P(Y) and L2-P(Y) dgnds
can be processed without knowledge of the Y-Code to estimate the ionospheric delay errors
on pseudorange measurements derived from GPS SPS sgnals.

For further details on the GPS system, see references:
(2) 1CD-GPS-200, NAV STAR GPS Space Segment/Navigation User Interfaces,
including changes through IRN-200B-007, July 19, 1993
(2) GPS SPS Signal Specification
(3) FAA Order 6880.1, U.S. Nationa Aviation Standard for the GPS SPS, U.S.
Department of Transportation, Federd Aviation Administration, August 16, 1993
(4) DOT-VNTSC-RSPA-92-2/SOS-4650.5, 1992 Federal Radionavigation Plan.

512 Differential GPS
While the GPS can provide position information to a high degree of accuracy and integyrity for
most users, special measures must be taken to achieve the levels of avallability, accurecy,
continuity of service and integrity required to support civil and military aviaion operaing in the
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Nationa Airgpace System (NAS). One such measure involves the determination of one's
position usng the satellite sgnas and then comparing this measurement to a previoudy
determined pogition relative to the earth's surface. The difference in the two measurements
provides a measure of the error of the position determined by using the satdllite Ssgnds. This
error data can be used by a GPS receiver as a correction factor to improve the measurement
accuracy. By using this technique with ground reference sations at precisdy surveyed
locations, GPS can provide the degree of accuracy needed to support precision approach
requirements. In addition to the improved accuracy, the ground reference stations can dso
monitor the sgnas and provide the proper dert to satisfy the integrity requirements for dl
phases of flight including precision approach.
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Appendix 1:GPS and GEO Satdllite Outage Rates and Duration

Performance analyses shall take into account GPS and GEO satellite outages. GPS outage
rates and durations may be assumed to have two modes with the following rates ¢ and g, and

mean durations ;™ and [, GPS outage restorations shall be assumed to occur in series and
not in pardld. That is, if n GPSs are out of service in outage mode 1, the rate a which
restorations occur is ™ rather than n* ™. All GPS outages of outage mode 2 shdll be
assumed to be non-predictable. Of GPS outages of outage mode 1, non-predictable outages
shdl be assumed to occur at arate of 0.24 per satellite per year. All other GPS outages of
outage mode 1, i.e., 1.41 per year, shall be assumed to be predictable.

Outage Rate, q Mean Duration, i*
GPS Outage Mode 1 1.65 per year 12.2 hours
GPS Outage Mode 2 0.16 per year 1.25 months

The outage rates and durations of INMARSAT 3 satellites shall be assumed to be asfollows:

Outage Rate, q Mean Duration, it
GEO Outage Mode 1 0.083 per year 19.8 hours
GEO Outage Mode 2 0.014 per year 3Years

Note 1: All outages of GEOs are assumed to be non-predictable.

Note 2: The contractor is responsible for providing GEO satellite coverage for the broadcast
and ranging function to mest the performance requirementsin paragraph 3.2.1 of this
specification. INMARSAT 3 isused in the above table as an example of GEO satellite
outages. The outage rates and durations assumed for other satellites of this type shdl take into
account both failures of the navigation repester package and of any satellite eements required
for the continued operation of the WAAS broadcast and ranging functions, and shal be
substantiated by satellite provided information.
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Appendix 2:Wide Area Augmentation System Signal Specification

1.0 Introduction
The Wide Area Augmentation System (WAAYS) uses Geostationary satdllites (GEOs) to broadcast
Globa Positioning System (GPS) integrity and correction datato GPS users, and to provide aranging
sgnd that augmentsthe GPS. This signd specification defines the service to be provided by the
WAAS. This document is written to satisfy the following objectives:

(1) specify the WAAS ranging Sgndl characterigics,
(2) specify the WAAS integrity data contents and formet; and
(3) specify the WAAS corrections data contents and format.

20 Signal Characterigtics
The sgna broadcast viathe WAAS GEOs to the WAAS users is designed to minimize standard GPS
receiver hardware modifications. The GPS frequency and GPS-type of modulation, including a
CoarsefAcquigtion (C/A) PRN code, shdl be used. In addition, the code phase timing shal be
maintained close to GPS time to provide aranging capability.

2.1  Carrier Frequency
The WAAS broadcast shal consst of asingle carrier frequency of 1575.42 MHz (GPS L1).

2.2 Spurious Transmissons
Spurious transmissions shdl be at least 40 dB below the unmodulated carrier over dl frequencies.

23  Modulation
GPS-type moduation shal be used for the code and the data. Message symbols at arate of 500
symbols per second (ps) will be added modulo-2 to a 1023-bit PRN code, which shdl then be binary
phase shift keying (BPSK) modulated onto the carrier at arate of 1.023 Mchips per second.
Code/carrier frequency coherence shal be maintained as described in 2.6.4 of this appendix. The 500
sps shall be synchronized with the 1 kHz C/A code epochs.

24  Carrier Phase Noise
The phase noise spectra density of the unmodulated carrier shall be such that a phase locked loop of
10 Hz one-sided noise bandwidth shal be able to track the carrier to an accuracy of 0.1 radians rms.
25  Sgnal Spectrum
The broadcast signal shall be a the GPS L1 frequency of 1575.42 MHz. Ninety-nine percent of the
broadcast power shall bein a41 MHz bandwidth centered at the L1 frequency.
2.6  Signal Characteristics Modified Relativeto GPS

26.1 Doppler Shift
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The Doppler shift, as perceived by the stationary user, on the signal broadcast by WAAS
Geodtationary satdllites (GEOs) will be less than 40 meters per second (»210Hz at L1) in the worst
case (a the end of life of the GEOs). The Doppler shift is due to the motion of the GEO.

2.6.2 Carrier Freguency Stability

The short-term stability of the carrier frequency (the square root of the Allan Variance) at the input of
the user's receiver antenna shall be better than 5x10™ over 1 to 10 seconds, excluding the effects of
the ionosphere and Doppler.

2.6.3 Polarization

The broadcast sgna shdl be right-handed circularly polarized. The dlipticity shal be no worse than 2
dB for the angular range of +9.1° from boresight.

264 Code/Carrier Frequency Coherence
The lack of coherence between the broadcast carrier phase and the code phase shdl be limited. The

short term (<10 seconds) fractional frequency difference between the code phase rate and the carrier
frequency shall be lessthan 5x10™ (one sigma). That is,

| fcode _ fcarrier | < E
1L023 MHz 157542 MHz| ~ f,

1)

where Df / f, hasaone-sgmavaueof 5 10™. Over thelong term (< 100 seconds), the difference
between the change in the broadcast code phase, converted to carrier cycles by multiplying the number
of code chips by 1540, and the change in the broadcast carrier phasg, in cycles, shdl be within one

carier cycle, onesgma. This does not include code/carrier divergence due to ionospheric refraction in
the downlink propagation path.

2.6.5 User Received Signal Levels
Therecaved radiated power leved from aWAAS GEO into a 3 dBi linearly polarized antennaon or
near the surface of the earth shdl be greater than or equa to -161 dBW at GEO devation angles
greater than 5 degrees. The maximum recaeived sgnd strength shdl be - 155 dBW in such an antenna.
The expected typical received power versus eevation angleis shown in Figure 1.
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Figurel. Expected Typical Received Power Levels

2.6.6 Corrédation Loss

Correlation lossis defined as the ratio of output powers from a perfect correlator for two cases: (1)
the actud receilved WAAS signd correlated against a perfect unfiltered PN reference, or (2) a perfect
unfiltered PN signa normalized to the same total power asthe WAAS sgnd in case 1, correlated
agang a perfect unfiltered PN reference.

The correlaion loss resulting from modulation imperfections and filtering insde the WAAS satellite
payload shall be lessthan 1 dB.

2.6.7 Maximum Code Phase Deviation
The maximum uncorrected code phase of the broadcast sgnd shal not deviate from the equivaent
WAAS Network Time by more than can be accommodated by the GEO time correction provided in
the GEO Navigation Message (+ 2% seconds). The maximum corrected code phase deviation shal be
limited in accordance with the overal sgnd-in-space performance requirements.

3.0 WAASCI/A Codes

3.1 Requirements

2-3
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The following is the definition of the C/A codes (herein caled the WAAS codes) to be used by

WAAS GEOs broadcasting a GPS look-dike sgnal. The requirements imposed on these sdlected
codes are as follows:

(2) They must belong to the same family of 1023-bit Gold codes as are the 37 C/A codes
reserved by the GPS system and specified in the Globa Positioning System Standard
Pogitioning Service Signd Specification [1]. Thefirst 32 are assgned to GPS satellites,
whilethe last 5 (of which two are the same) are reserved for other uses.

(2) They must not adversdly interfere with GPS sgnals.

3.2  ldentification of WAAS Codes
The WAAS codes are identified in three ways:

(1) PRN number,
(2) G2 dday in chips,
(3) initid G2 dae.

The definition of either the G2 dday or initid G2 saeisrequired for implementation of the generation
of the selected codes. Arbitrary PRN numbers are assigned to the selected codes.

33 WAASCodes
The 19 selected WAAS codes are presented in Table 1. Like the GPS C/A codes, the PRN number
is arbitrary, but starting with 120 instead of 1. The actua codes are defined by ether the G2 delay or
theinitid G2 regigter setting. The ranking of the codesin Table 1 is by the average number of cross-
correlation pesks when corrdating those codes with the 36 GPS codes with zero Doppler difference.
Future GEOs could aso have PRN codes associated with the yet to be defined PRNs 139-210.
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PRN G2 Deay Initid G2 Setting Fird¢ 10 WAAS| Geodationary Sadlite
(Chips) (Octa)* Chips (Octd)* PRN Allocations
120 145 1106 0671| INMARSAT AOR-E
121 175 1241 0536 Undlocated
122 52 0267 1510 INMARSAT AOR-W
123 21 0232 1545 Unalocated
124 237 1617 0160 Undlocated
125 235 1076 0701 Unalocated
126 886 1764 0013 Inmarsat Reserved
127 657 0717 1060 Undlocated
128 634 1532 0245 Undlocated
129 762 1250 0527 MTSAT-1
130 355 0341 1436 Undlocated
131 1012 0551 1226 INMARSAT IOR
132 176 0520 1257 Unalocated
133 603 1731 0046 Unalocated
134 130 0706 1071 INMARSAT POR
135 359 1216 0561 Unalocated
136 595 0740 1037 Undlocated
137 68 1007 0770 MTSAT-2
138 386 0450 1327 Undlocated
*In the octa notation for the first 10 chips of the G2 or the WAAS code as shown
in these columns, the firg digit on the left representsa™0" or "1" for the firgt chip.
Thelagt 3 digits are the octd representation of the remaining 9 chips. (For example,
theinitial G2 setting for PRN 120 is 1 001 000 110.) Note that the first 10
WAAS chips are smply the octd inverse of theinitid G2 setting.
34  Recommended WAASGPS Coder Implementation

The assigned codes cannot be implemented using the two-tap selection derived for the GPS C/A
codes. Thus, the recommended WAAS coder implementation is either a programmable G2 shift
register delay with sngle output (Figure 2), or a programmable initid G2 shift register sate with asingle
output (Figure 3). The reserved GPS C/A codes can aso be generated with either of these
implementations. Table 2-1 of [1] specifies the G2 shift register delay (cdled the Code Delay) and the
Firgt 10 Chips Octd, which isthe octd inverse of the initid G2 shift register Sate.

21 September 1999




CODE ® SET TO
CLOCK ALL 1'S]
INITIALIZE v A
'> COUNTER
G2 DELAY

»|GATE
START

FAA-E- 2892B, Change 1

G1(t)

i'c

| S S Epmp— )

DTFAO01-96-C-00025
Modification No. 0051

GLOG2At+ T, )

G2(t+n, T.)

Figure2. WAAS/GPS Coder I mplemented With Single G2 Output Plus Programmable G2

+

Delay

L3
1
’
3
»
1
.
"
1
’
3
"
’
[
1

—-—$|1|2|3|4|5|6|7|8|9|10

’
"
]

CODE
CLOCK

SETTO
~—® (AL1s

INITIALIZE ;

GL CODER

G2STATE

)

>

INITIAL G2 STATE

-t--c--

*"T,’ T "*_'C -TTTT

>

|jerreETImssemTImsay

G2 CODER

+ )€

e e e e m—— m——————————————— - —— =}

G1(t)

G1(HG2(t+n T

—I—_)|1|2|3|4|5|6|7|8|9|10|—L.—)62(t+niTc)

Figure3. WAASGPS Coder | mplemented With Single G2 Output Plus Programmable G2

State

21 September 1999



FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

40 WAASSgnal Data Contents And For mats

4.1  Introduction
A given WAAS GEO shdll broadcast either coarse integrity data or both such data and wide area
corrections. The coarseintegrity data shal provide "Use/Don’'t Use" information on dl satellitesin
view of the applicable region, including the GEOs. Correction data include estimates of the error after
goplication of the corrections.

The User Differentia Range Error (UDRE) bounds the WAAS-corrected pseudorange error due to
fast corrections and long-term clock and ephemeris corrections with a probability of 0.999. The
parameter, s pre, is the variance of a zero-mean Normal distribution which overbounds the user
differentia range errors which are due to fast corrections and long-term clock and ephemeris
corrections, given the current performance of the system. The User lonospheric Verticd Error (UIVE)
isthe error in the user-interpolated vertica ionospheric delay for a satdlite, whilethe datais active. It
isinterpolated from Grid lonospheric Vertica Errors (GIVES). Appropriately user processed GIVES
and UIVE bound the ionospheric delay with a probability of 0.999.

4.2  Principlesand Assumptions
Certain principles and assumptions are used as a guide in the definition of the format and data contents.
Fird, the Sgna data bandwidth should have the necessary capacity to broadcast both integrity and
corrections data Smultaneoudy for the entire service region. Next, information common to both the
integrity and corrections data should not be repeated in order to minimize the required datarate. Note
that the delivered level of accuracy can be controlled by adjusting the accuracy of the corrections, but
integrity is aways provided.

421 Data Rate
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The basdline data rate shal be 250 bits per second. The data shal always be rate /2 convolutional
encoded with a Forward Error Correction (FEC) code. Therefore, the symbol rate that the GPS
receiver must process is 500 symbols per second. The convolutiond coding shdl be congtraint length
7 as sandard for Viterbi decoding, with a convolutional encoder logic arrangement asillusirated in
Figure 4. The G1 symbol is sdlected on the output asthe first haf of a4 millisecond data bit period.
(If soft decison decoding is used, the bit error rate (BER) performance gain of this combination of
coding and decoding is 5 dB over uncoded operation.) Asan example, dgorithmsfor the
implementation of this decoding are described in George C. Clark and J. Bibb Cain, Error-Correction

Coding for Digitd Communications, Plenum Press, New Y ork, 1981 [2].
G2 (133 OCTAL)

D> D>

DATA INPUT Q‘E OUTPUT SYMBOLS
(250 BPS) &> ® ! (500 SPS)
¢ ! (ALTERNATING G1/G2)

;

]

'

Z

G1 (171 OCTAL) SYMBOL
CLOCK

Figure4. Convolutional Encoding

4.2.2 Timing
WAAS Network Timeis defined as that which is maintained, after corrections, to GPS system time,
within the overal WAAS performance requirements. Data blocks shdl maintain synchronization with
the GPS data frames to within the same performance requirements. It is noted that, when using
corrections, the user's solution for time will be with respect to the WAAS Network Time, and not with
respect to GPS system time. If corrections are not gpplied, then the solution will be with respect to a
composite GPSWAAS Network Time, and the resulting accuracy will be affected by the difference
between the two. WAAS Network Time will be within 50 nanoseconds of GPS system time.
Edtimates of the time difference between WAAS network time and Universal Coordinated Time
(UTC) shdl be provided in an appropriate data message (Type 12).

In order to maintain data block synchronization with the GPS data frames, the data input to the
convolution encoder of Figure 4 shdl be applied 7 bits (14 symbols or 28 milliseconds) early. Inthis
way, the data blocks, athough then encoded, are ill coherent with one-second epochs of GPS time
as transmitted from the GEO. The usars convolutiona decoders will dso introduce afixed delay that
depends on their respective dgorithms (usualy 5 congraint lengths, or 35 hits), for which they must
compensate to determine system time from the received signdl.

These convolutiond encoding/decoding delays and their relationships with the start of the data blocks
and GPStime areillugtrated in Figure 5 for the trangponding GEO.
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Figure5. Convolutional Encoding/Decoding Timing Relationships

4.2.3 Error Corrections
There shall be two types of correction data-- fast and dow. The fast corrections are intended to
correct for rapidly changing errors such as GPS clock errors, while the dow corrections are for dower
changing corrections such as atmospheric and long term satdllite clock and ephemeris errors. The fast
corrections are common to al users and will be broadcast as such.

For the dower corrections, the users are provided with ephemeris and clock error estimates for each
satdlitein view (Message Type 24 and 25). Although long term satellite clock errors are common to
al regions, they are dow-varying and Issue of Data (I0D) dependent. Therefore, they are best
accommodated as part of the dower corrections. Separately, users are provided with awide-area
ionospheric delay modd and sufficient red-time data to eva uate the ionospheric delays for each
satellite usng that modd (Message Types 18 and 26). Specific procedures for using the corrections
are given with the definition of the relevant messages.

WAASwill ensure that discontinuities in the satellite pogtion after application of long term corrections
are minimized so thet the range error is typically compensated by the s % pre When range-rate
corrections are calculated (see Section 4.5). In addition, the degradation of accuracy is modeled to
account for the possibility that any messages are missed by the user.
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4.2.4 Tropospheric Models
Because tropospheric refraction isaloca phenomenon, al users will compute their own tropospheric
delay corrections. The WAAS shal remove the tropospheric delay from its corrections and the GEO
broadcast messages shall not include any explicit tropospheric corrections.

425 Accuracy
Error corrections are formatted to have aresolution of 0.125 meters to satisfy accuracy requirements
for the WAAS.

4.2.6 PRN Masks
Masks shal be used to designate which PRN belong to which correction dot. For example, GPS
satdlites are assigned the first PRNs (1-37). These masksimprove the efficiency of the broadcast by
preventing the continual incluson of PRNs for fast corrections and UDRE indicators.

4.2.7 Number of Satellites
The WAAS shdl provide data for a maximum of 51 sadllites.

4.2.8 I ssue of Data
The fast correction data for each satellite supported will be accompanied by a Fast Correction Issue of
Data (IODF) to prevent erroneous application of UDRE. The long term satdllite correction data for
each satdllite supported shal be accompanied by Issue of Data (I0D) information to prevent
erroneous application of correction data. The WAAS issue of long term satellite correction data shall
be identica to the GPS 10D Ephemeris as defined in [1]. Various other issues of data defined below
shall dso be applied to prevent erroneous use of the PRN and lonospheric Grid Point (IGP) masks.

4.2.9 Acquidtion Information
Preambles shall be provided in the messages for data acquistion.

4.3 Format Summary

43.1 Block Format
The block format for the 250 bits per second data rate is shown in Figure 6. A block is defined asthe
complete 250 bits, while amessage is defined as the 212 hit datafield. The start of the first 8-bit part
of every other 24-hit distributed preamble shdl be synchronous with the 6-second GPS subframe
epoch to within the overdl WAAS performance requirements. The block transmission time shal be
one second.
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[€—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST]|

< 250 BITS - 1 SECOND >
24-BITS
11 212-BIT DATA FIELD | PARITY

‘ 6-BIT MESSAGE TYPE IDENTIFIER (0 - 63)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure 6. Data Block Format

The 8-bit preamble starts at bit O of the 250-bit message followed by the 6-bit Message Type at bit 8.
The datafied then Sarts at bit 14, followed by the parity field that starts at bit 226. The sequence of
the datawords is shown in the figures describing the message formats while the number of bits per data
word is given in the tables describing message contents. The order of the words in those tablesis not
related to the sequence of the words in the message.

4.3.2 Block Length and Content
Blocks shal be 250 hitslong (one second), consisting of an 8-hit part of a distributed preamble, a 6-
bit message type, a 212-hit data field and 24-bits of Cyclic Redundancy Check (CRC) parity. This
block length is consstent with the required time-to-alarm, and it provides an efficient parity-to-data
ratio. Any message type can occur in any given one-second interval.

4.3.3 Parity
Twenty-four bits of CRC parity shdl provide protection againgt burst aswell as random errors with a
probability of undetected error £ 224 = 5.96x10° for dl channd bit error probabilities£ 0.5. The
CRC word is caculated in the forward direction on the entire bit- oriented message, including the block
header containing the preamble and message type identifier, and usng a seed of 0. The sequence of
24 bits (p,,p,---,P,,) is generated from the sequence of information bits (m,, m,,,...,m,,). Thisisdone

by means of a code that is generated by the polynomia

24 )
9(X)=4 g X' 2)
i=0
where
g =1 fori =0,1,34,5,6,7,10,11,14,17,18, 23,24

3
=Qotherwise )

This codeis cdled CRC-24Q (Q for Qualcomm Corporation) [3]. The generator polynomid of this
codeisin the following form (usng binary polynomid agebra):
g(X) = @+ X) p(X) 4)

where p(X) is the primitive and irreducible polynomid
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p(X) = X2+ X+ X® + X* 5
FXT+ X+ XB+ X T+ X5+ X% +1

When, by the gpplication of binary polynomid agebra, the above g(X) isdivided into

m(X)X?*, where the information sequence m(X) is expressed as

rT(X):m<+m<-1X+m<-2X2+-“+mlxk_l 6)

the result isa quotient and aremainder R(X) of degree < 24. The bit sequence formed by this
remainder represents the parity check sequence. Parity bit p,, for any i from 1 to 24, isthe coefficient

of X**'in R(X).

This code has the following characteristics [4, 5, 6, and 7]:
(1) it detects al single bit errors per code word.
(2) it detects dl double bit error combinations in a code word because the generator
polynomid g(X) has afactor of at least three terms.
(3) it detects any odd number of errors because g(X) contains afactor 1+ X.
(4) it detects any burgt error for which the length of the burst is£ 24 bits.
(5) it detects most large error bursts with length greater than the parity length r = 24 bits.
The fraction of error bursts of length b > 24 that are undetected is:

a) 2% =596 10%, if b> 25 bits.
b) 2% =1.19" 107, if b= 25 bits.

The encoding and decoding procedures can be found in [7] (for example). An example message (a
Message Type 2) with passed parity is given asfollows:

Preamble, Message ID, IODF, IODP: Binary: 11, followed by Hex: 1824

13 corrections: Hex: 003|c00|3c2[200]03f}4bc|000|3c0]03c|003|cO0|03f [fd8
13 UDREls: Hex: 0003ch240003f

Parity: Hex: a0f7dd

434 Preamble
The distributed preamble shdl be a 24-bit unique word, distributed over three successve blocks.
These three 8-bit words shdl be made up the sequence of bits-- 01010011 10011010 11000110.
The gart of every other 24-hit preamble shal be synchronous with a 6-second GPS subframe epoch.

With respect to the convolutiona encoding, the preamble is within the decoded bit stream. It shdl be
encoded just like dl of the other bits. It is aplace marker, and cannot be used for acquisition or
encoded bit synchronization prior to convolutional decoding. The user's convolutional decoding
agorithm must provide synchronization to the data bits.
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44  Messages and Relationships Between M essage Types
Table 2 presents the set of message types. Unless otherwise stated, datais represented in unsigned
binary format.

In order to associate datain different message types, a number of issue of data (I0D) parameters are
used. These parametersinclude:

|ODy (GPS 10D Clock - 10DCy , 10D Ephemeris- IODEy): Indicates GPS clock and
ephemerisissue of data, where k = satellite

IOD PRN Mask (IODP): Identifies the current PRN mask

|OD Fast Corrections; (IODF;): Identifies the current fast corrections, wherej = fast
corrections Message Type (Types 2 - 5)

IOD lonospheric Grid Point Mask (10DI): Identifies the current lonospheric Grid Point
mask

The relationship among the messagesis shown in Figure 7. The GPS 10Ds (including IODC and
IODE) are specific to each satdllite, and are updated separately. Thereisonly one active PRN mask
and one lonospheric Grid Point mask. Since fast corrections are aways provided in different message
typesincluding blocks of 13 satdllites, adifferent IODF is used for each block. Note that the WAAS
will ensure that the long-term corrections are sent severa times when modified, and the magnitude of
the change will be smdl so that an issue of dataiis not necessary to connect Type 24 or 25 and Type 2
- 5 messages. In addition, the WAAS shdl update long term corrections at arate high enough to
accommodate these small changes, while aso accommodating missed messages by the users.
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Type | Contents Section No.
0 Don't use this GEO for anything (for WAAS testing) 4.4.1
1 PRN Mask assgnments, set up to 51 of 210 bits 442
2-5 Fast corrections 4.4.3
6 Integrity information 4.4.4
7 Fast Correction Degradation factor 445
8 Egtimated RMS Error message 4.4.6
9 GEO navigation message (X, Y, Z, time, €ic.) 4411
10 Degradation Parameters 4.4.16
11 Reserved for future messages --
12 WAAS Network Time/lUTC offset parameters 4.4.15
13-16 || Reserved for future messages --
17 GEO amanacs message 4.4.12
18 lonospheric grid point masks 449
19-23 || Reserved for future messages --
24 Mixed fast corrections/long term satellite error corrections 4.4.8
25 Long term satellite error corrections 4.4.7
26 lonospheric delay corrections 4.4.10
27 Reserved (WAAS Service Message) --
28-61 | Reserved for future messages --
62 Reserved (Internd Test Message) 4.4.14
63 Null Message 4.4.13
2-14
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Figure7. Interrelationships Of Messages

44.1 Message Type O

The first message type, Message Type O, will only be used during WAAS testing. Users should not
use satellite sgnds (for agiven PRN code) for which a Type 0 has been received.

4.4.2 PRN Mask Assignments Message Type 1
The PRN Mask is given in Message Type 1. It consists of 210 ordered dots, each of which indicates
if datais provided for the corresponding satellite as defined in Table 3. For example, aonein the fifth
dot indicates data is being provided for GPS PRN 5. The mask shdl have up to 51 bits set in the 210
dots. Note that the satellites for which corrections are provided must be ordered from 1 to a
maximum of 51, in order to decode Message Types2 - 5, 6, 7, 24, and 25. Datain Message Types 2
-5, 6, 7 and the fast corrections part of Message Type 24 are provided sequentidly. Long term
corrections in Message Types 24 and 25 may or may not be provided sequentialy, since the PRN
Mask number is pecified for each correction. The mask will be followed by a 2-bit issue of data PRN
(IODP) to indicate the mask’ s gpplicability to the corrections and accuracies contained in messages to
which the mask gpplies.
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Table 3. PRN Mask Assignments

PRN Assgnment
Sot

1-37 GPS/GPS Reserved

38-61 GLONASS

62-119 Future GNSS

120-138 GEO/WAAS

139-210 Future GNSS'GEO/WAA S/Pseudalites

4421 PRN Mask Transition

The trangtion of the PRN Mask to anew one (which will be infrequent) shal be controlled with the 2-
bit IODP, which shal sequence to anumber between 0 and 3. The same IODP shdl appear in the
applicable Message Types 2-5, 7,8, 24 and 25. Thistrangtion would probably only occur when a
new satdliteis launched, or when a satdllite fails and is taken out of service permanently. In the latter
case, there would be no hurry to do so, unlessthe dot is needed for another satdllite. 1t could Smply
be flagged asa"Don't Use" satdllite. A degraded satellite may be flagged asa"Don't Use" satellite
temporarily.

If the IODP of the mask does not agree with the IODP in the gpplicable Message Types 2-5, 7,8, 24
and 25, the user will not use the applicable message until a mask with the matching IODPs agree. The
change of IODP in the PRN mask message will always occur before the IODP changesin dl other
messages. During achange-over of the IODP in the PRN mask, the user equipment continues to use
the old mask to decode messages, and stores the new mask so that there are no interruptions to
service when the new mask becomes effective. As the new mask starts to be used, the user will use
some data which correlated with the old mask and some data that correlated with the new mask.
However, if the IODP changes in those message types before receipt of the new PRN mask, these
message types cannot be used until receipt of the new mask.

4.4.3 Fast Corrections M essage Types 2-5
The fast corrections message format isillustrated in Figure 8. Message Type 2 contains the fast data
setsfor thefirst 13 satellites designated in the PRN mask. Message Type 3 contains the fast data sets
for satellites 14 - 26 designated in the PRN mask, etc., through Message Type 5, which contains the
fast setsfor satdlites 40 through 51 designated in the PRN mask. The last data set of Message Type 5
is not used due to the congiraint that corrections can only be provided for 51 satellites (see Message
Type 6). A fast corrections message type will only be sent if the number of satellites designated in the
PRN mask requiresit: eg., Message Type 5 will only be broadcast if 40 or more satellites are
designated. Message Types 2-5 contain a2-bit IODF;. The IODF;, where| isthe fast corrections
Message Type (2 - 5), is used to associate the UDRE contained in aMessage Type 6. The range of
each IODF; counter isonly [0,2]. AnlODF;=3 indicates that the UDRE information in a Message
Type 6 gppliesto al active data in the corresponding Message Type (j=2-5), rather than a particular
st of fast corrections. If there are 6 or fewer satdllitesin a block, they may be placed in a mixed
corrections message, Type 24. Thelast haf of Message Type 24 isreserved for dow corrections.
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Thefast data set for each satellite conssts of 16 bits; a 12-bit fast correction followed by a 4-bit
UDRE Indicator (UDREI). The UDREI is described in Section 4.4.4 of this Appendix. Each
message aso contains a 2-bit IODP indicating the associated PRN mask. Refer to Paragraph 4.4.2
for the gpplication of IODP.

<€— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST|
< N

DS — 250 BITS - 1 SECOND —SrereaTFOR 12 >
,H REPEAT FOR 12 MORE SATELLITES UDREI MORE SATELLITES
PR I
N Tk T T TN A N N A NN N BN BN LS NRNARNENR RN
L(— 13 12-BIT FAST CORRECTIONS——>| 13 4-BIT UDREIs | ﬁ‘};gﬁ?

IODF (2 BITS)
6-BIT MESSAGE TYPE IDENTIFIER (= 2, 3, 4 & 5)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure8. Types2-5 Fast Corrections M essages For mat

The 12-bit fast correction (PRCy) has a 0.125 meter resolution, for a[-256.000 m, +255.875 m] vdid
range. If therangeisexceeded, a"Don't Use" indication shdl be inserted into the UDREI fidd. The
user should ignore extra data sets not represented in the PRN mask. The time of applicability (to) of
the PRC; isthe gtart of the epoch of the WNT second that is coincident with the transmisson at the
GEO satdllite of thefirgt bit of the message block.

The Range-rate Corrections (RRC) of the fast corrections will not be broadcast. The user should
compute these rates- of-change by differencing fast corrections (regardiess of IODF;) [8]. Thetotdl
fast correction for a given satdlite shdl be applied as

PRgrrected (1) = PRrgaaren (1) + PRC (1) +RRC” (t- 1) 7)

If &; (fast correction degradation factor for the i satdlite) ¢ 0, the RRC is computed by the user
differencing fast corrections:
PRCeurrent - PRCpre-\/ious

RRC(tof ) = Dt

where:
PRCurent = the most recent fast correction
PRCprevious= @ previous fast correction
Dt = (tof - tof,prt-:'\/ious)
tor = time of gpplicability of the most recent fast correction
torprevious = time of gpplicability of the PRCprevious

If a; = 0, the RRC is equal to zero (0).

The most recent fast correction received (PRCqurer) Must be used when computing the RRC. The
range rate correction must time out if Dt > I, (defined in Message Type 7), which isan identicd
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condition to what causes the fast correction itsdf to time out. In addition, the user should not continue
to use a RRC longer than 8Dt, which istheoreticaly possble under certain darm conditions.

In sdlecting the previous fast correction to be used in determining the RRC, the user should select the
fast correction which minimizes the degradation due to fast corrections and range rate corrections
(A4511and A.45.1.2). Thiscan beaccomplished by sdlecting a previous fast correction closest to
I1/2 seconds prior to the current fast correction.

Anytimea“don’'t usg’ or "not monitored” indication is received and is then followed by avdid
correction, the caculaion of the RRC mugt be reinitidized. During renitidization, the RRC sdl not be
used and the associated satellite cannot be used to support precision approach mode. The
computation of RRC isrequired even in the case of an identical IODF,.

The high degree of resolution of these fast corrections should not be confused with correction
accuracy. The actua accuracy provided shall be indicated by the UDRE and GIVE data.

444 Integrity Information M essage Type 6

The integrity information message is shown in Figure 9. Each message includes an |ODF; for each fast
corrections Message Type (2 -5, 24). The UDRE information for each block of satdllites appliesto
the fast corrections with the corresponding IODF;. For example, if IODF;=1, then the UDREs for
satdlites 14-26 apply to the corrections provided in a previoudy broadcast Type 3 message that had
the |IODF=1. An |ODF;=3 indicates that the UDRES apply to al active data from the corresponding
message type (j=2-5). The remaining 204 bitsis divided into 51 dots of 4 bit UDREIS, one for each
sadlitein themask. This message format is described in Table 4. Message Type 6 dlowsthe fast
corrections of Message Type 2-5 and 24 to be updated infrequently, commensurate with the dynamics
of the satdllite clock errors. If al fast corrections are being updated at a Six second rate, Message Type
6 is not required since the UDREIs are dso included in Message Types 2-5 and 24. Message Type 6
can aso be used to indicated an darm condition on multiple satellites.

<€—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST]

& Ny

\ 250 BITS - 1 SECOND 7z
IODQIODFg, IODF, & IODFs (2 BITS EACH)

—A
Lottt ety rinepeear e rreer el pgiigl

l < 51 4-BIT UDREIs >| 24-BITS
PARITY
6-BIT MESSAGE TYPE IDENTIFIER (= 6)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure9. Type6 Integrity M essage For mat

The 4-bit UDREIs are used for the evaluation of the UDRES, the 99.9% error of the corrections for
the designated satellite, indicating the accuracy of combined fast and dow error corrections, not
including the accuracy of the ionospheric delay corrections (GIVES), which are computed from the
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indicators that are provided separately in Message Type 26. The ephemeris accuracy component is an
“equivaent” range accuracy, rather than the accuracy of each of the Earth-Centered- Earth- Fixed
(ECEF) components. Evaluation of the 99.9% error vaues versus indicator valueis given in Table 5.
The UDRE (in Type 2 - 6) applies a a particular time and degrades as defined in Section 4.4.5.

Table4. Type6 Integrity Message Content

Parameter No. of | Scae Factor Effective Units
Bits (LSB) Range

|ODF, 2 1 Oto3 discrete
|IODF; 2 1 Oto3 discrete
|ODF,4 2 1 Oto3 discrete
IODF5 2 1 Oto3 discrete
For each of 51 satdllites
UDREI 4 (see Table5) (see Table 5) discrete

Table5. Evaluation of UDREI;

UDRE, UDRE Meters S 2 UbRE
M eter s?

0 0.75 0.0520
1 1.0 0.0924
2 1.25 0.1444
3 1.75 0.2830
4 2.25 0.4678
5 3.0 0.8315
6 3.75 1.2992
7 45 1.8709
8 5.25 2.5465
9 6.0 3.3260
10 75 5.1968
11 15.0 20.7870
12 50.0 230.9661
13 150.0 2078.695
14 Not Monitored Not Monitored
15 Do Not Use Do Not Use

445

Fast Correction Degradation Factor - M essage Type 7

In order to ensure that the most accurate information is available to the airborne equipment, the s ypre
broadcast in Types 2 - 6 and 24 applies at atime prior to the time of gpplicability of the associated

2-19

21 September 1999



FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

corrections. The Type 7 message specifies the gpplicable IODP, system latency time, t4, and the fast
correction degradation factor indicator, ai;, for computing the degradation of fast and long term
corrections as described in paragraph 4.5.1

The Type 7 message contents are described in Table 6 and its format is shown in Figure 10. Table 7
provides the evaluation of the fast correction degradation factor given the degradation factor indicator,
aij. Table 7 dso showsthe user time-out interval for fast corrections (Section 4.7). Thistime-out
period is measured from the end of the last valid corrections message received to the end of next vdid
corrections message received for the satellite of interest.

Table6. Type7 Fast Correction Degradation Factor M essage Contents

Par ameter No. of | ScaleFactor | Effective Units
Bits (LSB) Range

System latency (tia) 4 1 0to 15 seconds
IODP 2 1 Oto3 discrete

Spare 2

For each of 51 satellites 204
Degradation factor indicator 4 1 Oto 15 discrete

(aii)

<«<——DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

< 250 BITS - 1 SECOND— >

~
t/ (4BITS) ,IODP (2 BITS)
/.~ SPARE (2 BITS)
LAttt rtprr ettt

‘ <€<— 51 4-BIT UDRE degradation factor indicators ———————>| 24-BITS

PARITY

6-BIT MESSAGE TYPE IDENTIFIER (= 7)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure 10. Type7 Fast Correction Degradation Factor Message For mat

Table7. Fast Correction Degradation Factor and User Time-out Period Evaluation

Fast Fast User Time-Out Interval for fast User Time-Out Period for Fast
Correction Corrections corrections - seconds Corrections (seconds)
Degradation | Degradation | En Routethrough Nonprecision Precison Approach Mode
Factor Factor-(a) Approach (I
Indicator (ai;) mm/s?
0 0.0 180 120
1 0.05 180 120
2 0.09 153 102
3 0.12 135 90
2-20
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4 0.15 135 0
5 0.20 117 78
6 0.30 9 66
7 0.45 81 A4
8 0.60 63 42
9 0.90 45 30
10 1.50 45 30
11 2.10 27 18
12 2.70 27 18
13 3.30 27 18
14 4.60 18 12
15 5.80 18 12

4.4.6 Estimated RMSError Message Type 8
The pseudorange RMS error  estimate message is shown in Figure 12. The estimates of the RMS
pseudorange errors can be used to properly weight the pseudoranges in aweighted-least- squares
solution. The message contains an |ODP to associate this information with a Type 1 message.
Following 6 spare hits, the next 204 bits are divided into 51 dots of 4 bit RMS error indications
(RMSIs), one for each satellite in the mask. This message format is described in Table 8.

€ DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

<

o 250 BITS - 1 SECOND 4
IOQP Spare

X,
Lyttt darptervrerrrt ettt rrrrgrptrrrrtrrrdgd

51 4-BIT RMSI >| 24-8ITs
PARITY
6-BIT MESSAGE TYPE IDENTIFIER (=8)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure12. Type 8 Estimated RMSError Message Format

The 4-bit RMS's are used for the evauation of the RMSs, an estimate of the root-mean square of the
corrections for the designated satdllite. The estimate includes residud errors of fast and dow error
corrections, and does not include residud error of the ionospheric delay corrections. The ephemeris
accuracy component is an “equivaent” range accuracy, rather than the accuracy of each of the Earth
Centered- Earth- Fixed (ECEF) components. Evaluation of the RM S vaues versus RM S indicator
vadueisgivenin Table9.
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Parameter No. of | ScaleFactor Effective Units
Bits' (LSB) Range
|IODP 2 1 0-3 discrete
Spare 6
For each of 51 satdlites
RMSI 4 (see Table9) (see Table9)
Table9. Evaluation of RMS
RMS RMS,, - Meters

0 0.25

1 0.3

2 0.4

3 0.6

4 0.8

5 1.0

6 1.25

7 15

8 1.75

9 2.0

10 25

11 4.5

12 8.0

13 15

14 50

15 150

4.4.7 Long Term Satellite Error Corrections Message Type 25
Message Type 25 will be broadcast to provide corrections for dow varying satellite ephemeris and
clock errors with respect to WGS-84 ECEF coordinates. These long term corrections are not
broadcast for the GEO satdllites. Instead, the Type 9 GEO Navigation Message will be updated as
required to prevent dow varying GEO satellite errors. These corrections are estimated with respect to
the GPS broadcast clock and ephemeris parameters.

Table 10 and Figure 13 present the first half of the Type 25 message representing the corrections for
the long term satdllite position and clock offset errors of two GPS satellites when only those
corrections are needed for the required accuracy. Table 11 and Figure 14 present thefirg hdf of the
Type 25 message representing the corrections for the long term satellite position and velocity and clock
offset and drift errors of one GPS satellite when velocity and drift corrections are also needed.  Tables
10 and 11 only present the definition of the first 106 bits of the 212 bit message. The second 106 bits
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have the same definition. Thefirg bit of the 106 bitsis avelocity code, indicating whether or not this
half-message includes clock drift and velocity component error estimates. If the velocity code is set to
al, the message includes clock drift and velocity component estimates, otherwise it consgts of only
clock offsat and position component error estimates, but for 2 satellites, instead of 1. Thus, the entire
message can consst of error estimates for 1, 2, 3, or 4 satdlites, depending upon the velocity codes
for both halves of the message and how many satellites are being corrected. The error estimates are
accompanied by the IODP indicating the associated PRN mask. Refer to Paragraph 4.4.2 for the
goplication of the IODP.

Table 10. Type25Long Term Satellite Error Corrections M essage Parameters (Half
Message) with a Velocity Code Set to O (Position and Clock Offset Corrections Only)

Parameter No. of Bits Scale Factor || Effective Units

(LSB) Range

(Note 1)

For 2 Satellites 106
Velocity Code =0 1 1 discrete
PRN Mask No. (Note 2) 6 1 Oto51
Issue of Data (Note 3) 8 1 0to 255 discrete
dx (ECEF) 9 (Notel) 0.125 +32 meters
dy (ECEF) 9 (Notel) 0.125 32 meters
dz (ECEF) 9 (Notel) 0.125 +32 meters
da,, 10 (Notel) 2% 2% seconds
PRN Mask No. (Note 2) 6 1 0to 51
Issue of Data (Note 3) 8 1 Oto 255 discrete
dx (ECEF) 9 (Notel) 0.125 32 meters
dy (ECEF) 9 (Notel) 0.125 +32 meters
dz (ECEF) 9 (Notel) 0.125 32 meters
daso 10 (Notel) | 2 2% seconds
|ODP 2 1 0-3 discrete
Spare 1
Notes:

(1) All Sgned values will be coded as two's complement, with the Sgn bit occupying the MSB.
The effective range is smdler than indicated, as the maximum postive vadueis actudly
congtrained to be one value less (the indicated value minus the resolution).

(2) Mask sequence. The count of 1'sin mask from the first pogition in mask to the position
representing the subject satdllite. If set to 0, no satdllite represented and the remainder of the
message should be ignored.

(3) The Issue of Data has the format of the 8-bit GPS issue of data- Ephemeris. See[1].

2-23
21 September 1999



FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

( DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

< 250 BITS - 1 SECOND >
VELOCITY CODE =0 I0DP
(2 BITS) 24-BITS
I II | Id | g I d-,laaml | Idy | d\/l dz pam Il?IIlQT SECOND HALE OC MESSAGE | PARITY |

1 1
| ISSUE OF DATA; SEE [1]
PRN MASK NUMBER
6-BIT MESSAGE TYPE IDENTIFIER (= 25)
8-BIT PREAMBLE OF 24 BITS IN 3 CONTIGUOUS BLOCKS
S = SPARE (1-BIT)

Figure13. Type 25 Long Term Satellite Error Corrections- Velocity Code=0

The PRN Mask No. is the sequence number of the bits set in the 210 bit mask (that is, between 1 and
51). Asopposed to datain Message Types 2-5, the data in this Type 25 message does not have to
gppear in sequence. Error corrections for satdlites with faster changing long term errors can be
repested at a higher rate than ones with dower changing long term errors. The IODP of the message
shdl agree with the IODP associated PRN mask in Message Type 1.

Note that the ranges of the position and clock offset component error estimates when the velocity code
isO are lessthan if the velocity codeis 1. Thereason for thisis for detarate efficiency. Usudly, the
necessity for velocity and clock drift component error estimatesis smal. Only the clock offset and
position component error estimates will be broadcast, unless any of the errors (postion, velocity,
offset, or drift) are large enough to warrant their use on a satdlite-by-satdllite basis.

Table11l. Type25Long Term Satellite Error Corrections Half M essage
Parameterswith a Velocity Code of 1
(Veocity and Clock Drift Corrections Included)

Parameter No. of Bits Scde || Effective Range Units
(Note 1) Factor (Note 1)
(LSB)

For Sadlite 106
Velocity Code=1 1 1 discrete

PRN Mask No. (Note 2) 6 1 Oto51
Issue of Data (Note 3) 8 1 0to 255 discrete
dx (ECEF) 11 0.125 +128 meters
dy (ECEF) 11 0.125 +128 meters
dz (ECEF) 11 0.125 +128 meters
dao 11 23 +22 seconds
dx rate-of-change (ECEF) 8 2t +0.0625 meters

Sec
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dy rate-of-change (ECEF) 8 2 +0.0625 meters/
Ssec
dz rate-of-change (ECEF) 8 2t +0.0625 meters/
Ssec
daq 8 2% +2°% seconds/sec
Time of Applicability tg 13 16 0 to 86,384 seconds
|ODP 2 1 0-3 discrete

(1) All sgned vaues will be coded as two's complement, with the sign bit occupying the
MSB. The effective range is smdler than indicated, as the maximum postive vaueis
actudly congrained to be one vaue less (the indicated value minus the resolution).

(2) Mask sequence. The count of 1'sin mask from the first position in mask to the position
representing the subject satdllite. If set to O, no satdllite represented.

(3)Theissue of datarefersto the 8-bit GPS issue of data- Ephemeris. See[1].

Note that the ranges of the clock offset and position component error estimates when the velocity code
isO arelessthan if the velocity codeis 1. Thereason for thisisfor datarate efficiency. Usudly, the
necessity for clock drift and velocity component error estimatesis smal. Only the clock offset and
position component error estimates will be broadcadt, unless any of the errors (position, velocity, offset
or drift) are large enough to warrant their use on a satellite-by-satellite basis.

e DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

<€ 250 BITS - 1 SECOND
VELOCITY CODE =1

24-BITS
L IL 1 ldx |dyldz Baox ldy |dzBaq ty || SECOND HALF OF MESSAGE | PARITY |

L isSUE OF DATA; SEE (1) L ioop 2 BITS) !
PRN MASK NUMBER
6-BIT MESSAGE TYPE IDENTIFIER (= 25)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure14. Type 25 Long Term Satellite Error Corrections- Veocity Code = 1

Figure 13 presents the case where 2 satdllite position and clock offset corrections occupy the first half
of the message. Figure 14 presents the case where one satellite’ s position and velocity and clock
offset and drift corrections occupy that position. Each could have just as well occupied the second haf
of the message while the other occupied the firgt, or one type could occupy both halves.

In case of the clock offset error correction (dag) and clock drift error correction (day), the user shdl
compute the clock time error estimate dDtsy & time-of-day t, as

dbt_ |t J=da, +da [t -t | 9)
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wheret, isthe time of day gpplicability correcting for rollover if needed.

This correction shall be added to Dts, as computed in Section 2.5.5.2 of [1]. If the velocity codeis set
to O, the day termissmply set to 0. Note that the t, provided in the Type 25 message (when velocity
code = 1) has nothing to do with the reference times broadcast from the GPS satellites. Itisthetime
of applicability of the error corrections, and not the GPS satdllite parameters. Thistime of gpplicability
will usdly be gpproximately 2 minutesin the future of the transmisson time of the message, minimizing
resolution errors for at least 4 minutes.

Likewise, the user shal compute the position error correction vector as

ey e xg
gjyk H: §ij+ gj yllgl(tk - to) 10)
A
gjzkg ng gdZH

This correction vector shall be added to the satellite position vector [x, Y, zk]T (WGS-84 ECEF)

computed from the equationsin Table 2-15 of [1]. If the velocity codeis set to O, the rate-of-change
vector isamply set to 0. The rules on the time of gpplicability are the same asfor the clock error
correction computations.

The 8-hit issue of data (I0D) broadcast in the message must match that of the GPS broadcast IODC
and IODE (in the case of I0DC, the least significant 8 bits). If the GPS broadcast IOD's do not
match the 10D broadcast in Message Type 25, it is an indication that the GPS broadcast |IODs have
changed. The user will continue to use the matched GPS data previoudy broadcast until anew
matching Message Type 24 or 25 is broadcast for that particular satdllite. (All satdllites do not
necessily have the same 10D.) These new matching messages will be broadcast within the time
condraints for user initidization.

Upon GPS transmission of new clock and ephemeris data from GPS, the WAAS shdl continue to
broadcast correctionsto the old long term clock and ephemeris data (marked with the previous IODC
and |ODE) for aperiod of 2to 4 minutes. Thisdeay enablesadl WAAS users to acquire the new
GPS data.

4.4.8 Mixed Fast Correction/GPS Long Term Satellite Error Corrections M essages Type
24
The Type 24 mixed fast/dow message will be broadcast under the conditions described in Paragraph
4.4.3. Figure 15 presents the Type 24 Mixed Fast Correction/Long Term Satdllite Error Corrections
Message. Thefirg haf of the message conssts of six fast data sets (12 bits for PRCyand 4 for
UDREI as defined in 4.4.3) according to the PRN mask sequence, followed by the 2-bit IODP, a 2-
bit Block ID indicating which corrections block is provided, and the 2-bit IODF, leaving 4 spare bits,
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for atotal of 106 bits. The Block ID (0, 1, 2, 3) shdl indicate whether the Type 24 message contains
the fast corrections associated with a Type 2, Type 3, Type 4, or Type 5 message, respectively. The
find 106 hits of the data field are composed of a 106-bit half message as described in Section
4.4.7.With this message type, when the tota for numbers of satellites being corrected by WAAS is
between 1 and 6, 14 and 19, 27 and 32 or 40 and 45, long-term corrections for one or two satellites
can be accommodated every time a set of fast error corrections is broadcast for satellites 1 through 6,
14 through 19, 27 through 32 or 40 through 45.

<€—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST]

< 250 BITS - 1 SECOND >
BLOCK ID (2 BITS)

o,  L06-BIT LONG TERM SATELLITE 24-BITS
| 1] [ | | [1111 1Pl ERROR CORRECTION HALE MESSAGE | PARITY

l€«— 6C ééggcl:ﬁgr:s > 6aBIT \\IODF (2 BITS)
UDREIs IODP (2 BITS)
6-BIT MESSAGE TYPE IDENTIFIER (= 24)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS
S - SPARE (4 BITS)

Figure 15. Type 24 Mixed Fast Correction/Long Term Satellite Error Corrections
M essage For mat

4.4.9 lonospheric Grid Point Mask Message Type 18
The ionospheric delay corrections are broadcast as verticd delay estimates at specified ionospheric
grid points (IGPs), gpplicableto asignd on L1. In order to facilitate flexibility in the location of these
IGPs, afixed definition of densdy spaced IGP locations is used, resulting in alarge number of possble
IGPs. The densty of these predefined IGPs, given in Table 12, is dictated by the possible large
variation in the ionogphere vertica delay during periods of high solar activity, especidly at lower
latitudes. The IGPs used a any time are based upon the current variation between |GP locations.
Sinceit would be impossible to broadcast IGP delays for possible locations, amask is broadcast to
define the IGP locations providing the most efficient modd of the ionosphere a the time.

Table 12. Predefined World-Wide IGP Spacing

Latitudes L atitude Spacing L ongitude Spacing
Degr ees Degrees Degr ees
N85 10 90
N75 to N65 10 10
S55 to N55 5 5
S75 to S65 10 10
S85 10 90 (Offset 40° Eadt)

The predefined 1808 possible IGP locations, given in latitude and relative longitude coordinates, are
illustrated in Figure 17. These IGP locations must be stored permanently by the user. The IGP
locations are denser at lower latitudes because of the fact that the distance between longitudes
becomes smdler at higher latitudes. The IGP grid at the equator has 5° spacings, increasing to 10°
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north of N55° and south of S55°, and finally becoming spaced 90° at N85° and S85° around the
poles. ThelGPsat S85° are offset by 40° to accommodate an even distribution of bands as
described below.

Thetotd 1GP grid represents too many 1GPs for broadcasting in asingle message. Thus, thegrid is
divided into 9 Bands (numbered O to 8), and each message indicates the Band associated with 201
possible IGPs (bands are designated with rectangular areas with bold numbersin Figure 17). Each
band covers 40° of longitude. Message Type 18 provides amask for any one of the 9 bands
indicated by the band number. Each message aso contains an ionospheric mask issue of data (10DI)
to ensure that the ionospheric corrections are properly decoded; the same 10DI will be used for dl
bands. An additiond 4-bit number indicates how many band masks are being broadcast by the
subject GEO, so that a user knows whether al available data has been received or whether to wait for
another band mask. Note that the user only hasto collect and save the vertica delays for IGPs
located within about £20° of hislocation, which would al be located in one or two bands. A given
GEO would only broadcast IGPs in bands (up to 6) that cover the observable IGPs vishble from the
intersection of its footprint and the contralling system’s service volume. I the number of bandsis 0, the
message is used to indicate that no ionospheric delay corrections are being provided, indicating the
precision approach service is not being provided by the broadcasting GEO.

Within each band, the IGPs are numbered from 1 to 201 (200 in Band 9), counting up from the
southwest corner (bottom-left) up each longitude column of the band (from south to north) and
continuing for each column from west to east (l€ft-to-right) from the bottom of each column. For
example, inBand O, IGP#1 is at S75, W180, and IGP #201 is at N55, W145 (See Table 14).

In the mask, abit set to one (*1”) indicates that ionospheric correction information is being provided
for the associated IGP. If the bit is set to zero (*0”), no ionospheric correction information is provided
for that IGP.

The 10DI shall sequence through the range from 0 to 3, changing each time the IGP mask changes,
which is expected to happen rarely. The user will ensure that the IODI of dl bands agree and that they
agree with the IODI in Message Type 26 before gpplying the verticd delays to the modd. The format
of these message types are illustrated in Figure 16 with contents described in Table 13.

N

3

250 BITS - 1 SECOND
1-SPARE BIT 24-BITS

L1l 201-BIT MASK FIELD PARITY

| — 2.BIT ISSUE OF DATA (IODI)
BAND NUMBER (4 BITS)
NO. OF BANDS (4 BITS)

6-BIT MESSAGE TYPE IDENTIFIER (18)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure 16. Type 18 IGP Mask M essage For mat

Table 13. Type 18 IGP Mask Message Contents
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Parameter No. of | Scale Factor Effective Units
Bits (LSB) Range

Number of Bands being 4 1 0to9 discrete
broadcast
Band Number 4 1 Oto8 discrete
Issue of Data - lonosphere 2 1 Oto3 discrete
(10DI)
IGP Mask 201 discrete
Spare 1

At the edge of the GEO footprint, the ionospheric pierce points (IPPs) could be located beyond the
IGPs of the bands being broadcast. However, because of overlap of GEO footprints, those |PPs
would be covered by an adjacent GEO broadcasting an adjacent band. The adjacent GEO itsdlf
would be a a higher elevation angle.

The Phase 1 IGP mask shal not include | GPs north of 75° North.

The Phase 1 IGP mask shall be such that user equipment will never sdect IGPs a the corners of a 10°
by 10° cdl when computing delay and UIVE for a user between 55° South and 55° North.
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IGP Number
Band 0
180 W 75S, 65S, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 1to 28
175 W 55S, 50S, 45S, ..., 45N, 50N, 55N 29to 51
170 W 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 52to 78
165 W 55S, 508, 458, ..., 45N, 50N, 55N 79 to 101
160 W 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 102 to 128
155 W 55S, 50S, 458, ..., 45N, 50N, 55N 129to 151
150 W 75S, 65S, 558, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 152t0 178
145 W 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 1
140 W 85S, 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 28
135 W 55S, 50S, 45S, ..., 45N, 50N, 55N 29to 51
130 W 75S 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 52t0 78
125 W 55S, 508, 458, ..., 45N, 50N, 55N 79 to 101
120 W 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 102 to 128
115 W 55S, 50S, 458, ..., 45N, 50N, 55N 129to 151
110 W 758, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 152t0 178
105 W 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 2
100 W 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
95 W 55S, 508, 458, ..., 45N, 50N, 55N 28 to 50
90 W 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 51to 78
85 W 55S, 50S, 458, ..., 45N, 50N, 55N 79 to 101
80 W 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 102 to 128
75 W 55S, 50S, 458, ..., 45N, 50N, 55N 129to 151
70W 75S, 658, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 152t0 178
65 W 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 3
60 W 75S, 65S, 558, 508S, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
55 W 55S, 508, 458, ..., 45N, 50N, 55N 28 to 50
50 W 85S, 758, 65S, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 51to 78
45 W 55S, 50S, 458, ..., 45N, 50N, 55N 79 to 101
40 W 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 102 to 128
35W 55S, 50S, 458, ..., 45N, 50N, 55N 129to 151
30 W 75S, 65S, 55S, 50S, 45S, ..., 45N, 50N, 55N, 65N, 75N 152to0 178
25W 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 4
20W 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
15w 55S, 508, 458, ..., 45N, 50N, 55N 28 to 50
mnow 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 51to 77
5W 55S, 50S, 458, ..., 45N, 50N, 55N 78 to 100
0 75S, 65S, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 101 to 128
5E 55S, 50S, 458, ..., 45N, 50N, 55N 129to 151
10E 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 152to0 178
15E 55S, 508, 458, ..., 45N, 50N, 55N 179to 201
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Band 5
20E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
25E 55S, 50S, 458, ..., 45N, 50N, 55N 28 to 50
30E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 51to 77
35E 55S, 50S, 45S, ..., 45N, 50N, 55N 78 to 100
40 E 85S, 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 101 to 128
45 E 55S, 508, 458, ..., 45N, 50N, 55N 129to 151
50 E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 152t0 178
55 E 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 6
60 E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
65 E 55S, 50S, 458, ..., 45N, 50N, 55N 28 to 50
70 E 75S, 65S, 55S, 50S, 45S, ..., 45N, 50N, 55N, 65N, 75N 51to 77
75 E 55S, 508, 458, ..., 45N, 50N, 55N 78 to 100
80 E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 101to 127
85 E 55S, 50S, 458, ..., 45N, 50N, 55N 128 to 150
90 E 75S, 65S, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 151t0 178
95 E 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 7
100 E 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
105 E 55S, 50S, 45S, ..., 45N, 50N, 55N 28 to 50
110 E 75S, 65S, 558, 508S, 458, ..., 45N, 50N, 55N, 65N, 75N 51to 77
115E 55S, 508, 458, ..., 45N, 50N, 55N 78 to 100
120 E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 101to 127
125E 55S, 50S, 458, ..., 45N, 50N, 55N 128 to 150
130 E 85S, 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 151t0 178
135E 55S, 50S, 458, ..., 45N, 50N, 55N 179 to 201
Band 8
140 E 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 1to 27
145 E 55S, 508, 458, ..., 45N, 50N, 55N 28 to 50
150 E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 51to 77
155 E 55S, 50S, 458, ..., 45N, 50N, 55N 78 to 100
160 E 75S, 65S, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 101to 127
165 E 55S, 50S, 458, ..., 45N, 50N, 55N 128 to 150
170 E 75S, 65S, 55S, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 151to 177
175E 55S, 508, 45S, ..., 45N, 50N, 55N 178 to 200
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4410 lonospheric Delay Corrections M essages Type 26
The Type 26 lonospheric delay Corrections Message provides the users with vertical delays
(rdativeto an L1 signdl) and their 99.9% accuracy (viasgve's) a geographicaly defined
IGPs identified by |GP number in Table 14. The grid points areindicated in Figure 17.

Each message contains a band number and a block 1D, which indicates the location of the
IGPsin the respective band mask. The 4-hit block ID (0-13) indicates to which IGPs the
corrections apply. Block O contains the IGP corrections for the first 15 1GPs designated in the
band mask. Block 1 containsthe IGP corrections for IGPs 16 - 30 designated in the band
masK, etc. Each band istherefore divided into a maximum of 14 blocks. Corrections
associated with dot numbers that exceed the number of IGPs indicated in the IGP band mask
should beignored. The data content for this messageis given in Table 15 with aformat
presented in Figure 18. The evaluation of the s%gve’s isgivenin Table 16. These verticd
delays and the evaluated s % ve’ swill be trandated by the user to the IPP of the observed
satdllite. This computed vertical dday and the associated s %yve (modd variance for user
ionospheric vertical error computed from associated s %gve’s) must then be multiplied by the
obliquity factor computed from the devation angle to the satdllite to obtain a dant range
correction and the slant range correction error(s %y re).

Table 15. lonospheric Delay M odel Parametersfor Message Type 26

Parameter No. of | ScaleFactor | Effective Units
Bits (L SB) Range
Band Number 4 1 Oto8 discrete
Block ID 4 1 0to 13 discrete
For Each of 15 Grid Points 13
IGP Verticd Dday Edtimate| 9 0.125 Oto meters
63.875
Grid lonospheric Vertica 4 1 Oto 15 discrete
Error Indicator (GIVEI)
|ODI 2 1 Oto3 discrete
Spare 7

-

250 BITS - 1 SECOND
> REPEAT FOR 14 MORE GRID POINTS

[l o1 31 41516l 71 al9 1101111121131 3417151gl PARITY

<—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

S
L4

24-BITS

S = SPARE (7 BITS)

—— GIVEI (4 BITS)
IGP VERTICAL DELAY (9 BITS)
BLOCK ID (4 BITS)

BAND NUMBER (4 BITS)
6-BIT MESSAGE TYPE IDENTIFIER (= 26)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

10DI

Figure 18. Type 26 lonospheric Delay Corrections M essage For mat
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Table 16. Evaluation of GIVE;

GIVEI] GIVEjMeters S? GIve
M eter s?
0 0.3 0.0084
1 0.6 0.0333
2 0.9 0.0749
3 12 0.1331
4 15 0.2079
5 1.8 0.2994
6 21 0.4075
7 24 0.5322
8 2.7 0.6735
9 3.0 0.8315
10 3.6 1.1974
11 45 1.8709
12 6.0 3.3260
13 15.0 20.7870
14 45.0 187.0826
15 Not Monitored Not Monitored

The 9-hit IGP vertical delays have a 0.125 meter resolution, for a0 to 63.750 meter vaid
range. A vertica delay of 63.875 meters (111111111) shall indicate Don't Use. That is, there
are no IGP vertica delays greater than 63.750 meters. If that range is exceeded, aDon't Use
indication shal be used.

4.4.10.1 Pierce Point L ocation Deter mination
Condgdering the satdllite and user locations, the user must first determine the location of the
ionospheric pierce point of the sgna path from the satdlite. The following equations provide
the latitude and longitude of that pierce point. Fird, the latitude is computed as.

f o =sin’(sinf ,cosy ,,+cosf  siny _ cosA) radians 11)

where, asilludrated in Figure 17, y o, isthe earth's central angle between the user position and
the earth projection of the pierce point computed as:

P _ . ®R ¢ .
Y oo > E- sin gRe+hCOSEé radians 12)

A and E are the azimuth and devation angles of the satdllite from the user'slocation (f | )
measured with respect to the local-tangent-plane, R, is the approximete radius of the earth’s
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ellipsoid (taken to be 6378.1363 km), and h, isthe height of the maximum electron dengty
(assumed to be equa to 350 kilometers). The longitude of the pierce point is then:

asiny sSnAO

I, =1, ,+sin =+ radians 13)
oo E cosf , &
PIERCE
POINT
TO
SATELLITE
/' fpn P

USE
. EARTH'S
ELLIPSOID Re
IONOSPHERE

EARTH'S
CENTER

NOT TO SCALE

Figure 19. lonospheric Pierce Point Geometry

4.4.10.2 Selection of lonospheric Grid Points
After determining the location of the user ionospheric pierce point, the user must sdlect the
I GPs to be used to interpolate the ionospheric correction and model variance. Thissdection is
done based only on the information provided in the mask, and must be done without regard to
whether or not the selected |GPs are monitored, not monitored, or don’t use.

The sdection of IGPsis accomplished asfollows.

1) If the IPP is between N55° and S55°, the following dgorithm is used to identify the
IGPs:.

a) four IGPsthat define a5 degree x 5 degree cell around the | PP are selected if
the associated bits are set to one in the band mask; else,

b) three IGPs that define a5 degree x 5 degree triangle that circumscribes the PP
are selected (see Figure 20) if the associated bits are set to one in the band
masK; else,

C) o ionospheric corrections are available.
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2) If the IPPis between N55° and N75°, or between S55° and S75°, the following
agorithm is used to identify the IGPs:
a) four IGPsthat define a 10 degree x 10 degree cell around the | PP are selected if
the associated hits are set to one in the band mask; else,
b) three IGPs that define a 10 degree x 10 degree triangle that circumscribes the
|PP are sdlected if the associated bits are set to one in the band mask; else,
C) no ionospheric corrections are available.

3) If the IPP is between N75° and N85°, or between S75° and S85°, no ionospheric
corrections are available.

4) If the IPPis north of N85° or south of S85°, no ionospheric corrections are available.

@)

Example of 5 x 5 degree
triangle

Figure 20 lonospheric Grid Point Inter polation

4.4.10.3 lonospheric Pierce Point Vertical Delay and Model Variance

I nter polation
Although the data broadcast to the user isin the form of vertica IGP ddays, these points do
not generally correspond with the user’s computed ionospheric pierce point locations. Thus, it
is necessary for the user to interpolate from the broadcast IGP delaysto that a his computed
ionospheric pierce point locations. Given three or four nodes of a cell of the IGP grid
described above that surround the user'sionospheric pierce point to a satellite, the user can
interpolate from those nodesto his pierce point using the algorithm described below.

The IGPs as sdected as described in section 4.4.10.2 must be used for interpolation, with one
exception. If four IGPs were selected, and one of the four isidentified as“not monitored”, then
the three-point interpolation should be used if the user’ s pierce point is within the triangular
region covered by the three corrections that are provided. If one of the four isidentified as
“don’'t use’, the entire square must not be used.

For four-point interpolation, the mathematica formulation for interpolated vertica ionospheric
pierce point delay t ) asafunction of ionospheric pierce point laitudef , and
longitude |, is

npp (f pp’ I pp
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t vpp(f pp'| pp) = i\NI(pr’ypp) vi 14)

where the generd eguation for the weighting function is:

f(x,y)=xy 15)

andt , arethebroadcast pierce point vertica delay values at three or four corners of the IGP
grid, asshown in Figure 20. In particular,t _ isthe output value a desired pierce point pp,
whose geographical coordinatesaref |

vpp

pp

W(xy) = f(x.y) 16)
W,(x,y) = £(1- xy) 17)
W(xy) = f(1- x1- y) 18)
W, (x,y)= f(x1- y) 19)
DI =1 -1, 20)
Df =f - f, 21)

For 1PPs between N75° and S75°,

— DI pp

pr_IZ'll 22)
_M

ypp_fZ'fl 23)

As can be seen from Equations 15 and 16, this interpolation technique involves only smple
agebra, and provides a continuous surface.
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Figure 21. Four-Point Interpolation Algorithm Definitions

For three-point interpolation between 75°S and 75°N, asmilar dgorithm is used:

3
tvpp(‘c pp! pp) = élw (pr,Ypp)t vi 24)
Wi(xy) = f(Ly) 25)
Wo(x,y) = f(11- x- y) 26)
Ws(x,y) = f(x.) 27)

The pierce points are numbered as shown in Figure 22, so that grid point #2 is aways the
vertex opposte the hypotenuse and the distance-ratios (x, y) are dways determined relaive to
the distance to grid point #2. It should be noted that there are an additiond three orientations of
the triangle shown in Figure 22.
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USER'SIPP

VDD(.r pp*

P
v2| |tv3
' 2

Figure 22 Three-Point Interpolation Algorithm Definitions

The UIVE will be interpolated by the users from the GIVEs defined at the IGPsto the IPP as
follows

4
UIVE = & W, (x,p, v, )GIVE, 28)
n=1
or
UIVE = & W, (x,y, v, ) GIVE, 29)

n=1

44104 Computing Sant Ionospheric Delay and |onospheric Mode Variance
Once the user establishes the vertica delay at the pierce point, the user can then multiply that
vertical delay by the obliquity factor Fy, to obtain the ionospheric correction (1C)) to be added

to the pseudorange measurement:
IC; =-t Spp(l pp’f pp) =-Fp -t vpp(l pp’f pp) 30)

wheret vop isthe interpolated verticd delay at the user-to-satellite ionospheric pierce point
derived as described above, and

20
&R, COSE® u
a

gRe+h| ﬂ U

1
2
31)

II
CD('D>|Q> D

The s%yire is computed as:
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S SIRE = F%p 'S l2JIVE 32)
where s 2ve is the variance of the UIVE.

4411 GEO Navigation Message Type 9
Table 17 and Figure 22 present the Type 9 GEO Navigation Message representing the
position, velocity, and acceleration of the geostationary satellite in ECEF coordinates, and its
gpparent clock time and frequency offsets. Also included isthe time of applicability to, an
Issue of Data (I0D) and an accuracy exponent (URA) representing the estimated accuracy of
the message.  ago and ag; shall be an estimate of the time offset and drift with respect to
WAAS Network Time. Their combined effect shall be added to the estimate of the satdllite's
trangmit time,

The position and time of the GEO shall be propagated to time-of-day tx, corrected for end-of-
day cross-over, as.

ol B B K
e a_e.”u e, 6.%0

éYGk U: éYG l]+ éYG l,"tk - to)+§ éYG l](tk - t0)2 33)
82 H BZoH EZ.H &Z: H

and

tG(tk) =t DtG(tk) =1; +ag, +aGf1(tk - to) 34)

wheret, is the time after midnight of the current day. The ranges of the parametersin this
message dlow for GEO inclination angles of up to £8°.

In contragt to the time correction for GPS satdllites, thereis no user correction for generd
relativity to GEO time. Any generd redivity effects will be removed by the earth station
controlling the GEO sgnd.
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Table17. Type9 GEO Navigation M essage Parameters

Par ameter No. of | ScaleFactor | Effective Range Units
Bits* (LSB)

Issue of Data 8 1 0to 255 discrete
to (Time-of- 13 16 0 to 86,384 seconds
Applicability)
Accurmy* * 4 * % * % * %
Xc (ECEF) 30* 0.08 142,949,673 meters
Ys (ECEF) 30* 0.08 +42,949,673 meters
Zs (ECEF) 25* 0.4 +6,710,886.4 meters
Xc Rate-of-Change 17* 0.000625 +40.96 meters/sec
Ys Rate-of-Change 17* 0.000625 +40.96 meters/sec
Z Rate-of-Change 18* 0.004 +524.288 meters/sec
X Acceleration 10* 0.0000125 + 0.0064 meters/'sec®
Ys Acceleration 10* 0.0000125 + 0.0064 meters'sec’
Zs Accdleration 10* 0.0000625 +0.032 meters/sec’
acto 12* 2% +0.9537 x 10° seconds
acn 8* 240 +1.1642 x 10 | seconds/sec

* Parameters so indicated will be two's complement, with the Sgn bit occupying the
MSB. The effective range is smdler than indicated, as the maximum positive vaue is
actualy congtrained to be one vaue less (the indicated vaue minus the resolution).

** See Section 2.5.3 of [1].

pra
)

L1 1t Jd Xe

I Yo

250 BITS - 1 SECOND

| Zs

<—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

, . . . . . a?fl
L X6 | Yo | % [Xs|Ys|Zclacto] ']

A
>

24-BITS
PARITY

| L ISSUE OF DATA, SEQUENCING BETWEEN 0 AND 255
6-BIT MESSAGE TYPE IDENTIFIER (= 9)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

*ACCURACY EXPONENT; SEE SECTION 2.5.3 OF [1]

Figure 23. Type 9 GEO Navigation M essage For mat

4412 GEO Almanacs Message Type 17
Almanacs for dl GEOs shdl be broadcast periodicaly to dert the user of their existence,
location, the generd service provided, and hedth and Satus. Almanacs for three satellites shall
be broadcast in the GEOs Almanacs Message Type 17 illustrated in Figure 23 and defined in
Table 18. These messages shdl be repeated to include al GEOs. Unused dmanacs shdl have
aPRN number of 0 and should be ignored.
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Table 18. Type 17 GEO Almanacs M essage Parameters

Parameter No. Scale Factor Effective Units

of (LSB) Range

Bits*
For each of 3 satellites 67 -- -- --
DatalD 2 1 Oto3 discrete
PRN Number 8 1 0-210 --
Hedlth 8 -- - discrete
Xe (ECEF) 15* 2,600 + 42,595,800 meters
Y (ECEF) 15* 2,600 + 42,595,800 meters
Zg (ECEF) 9 26,000 + 6,630,000 meters
X Rate-of-Change 3 10 +40 meters/sec
Y Rate-of-Change 3 10 +40 meters/sec
ZG Rate_of_change 4* 4096 * 32768 meterslsec
t0 (Time-of-Day) 11 64 010 86,336 seconds

* Parameters so indicated will be two's complement, with the sign bit occupying
the MSB. The effective range is smdler than indicated, as the maximum pogtive
vaueisactudly congrained to be one vaue less (the indicated vaue minus the
resolution).

<—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST
< 250 BITS - 1 SECOND >
67 BITS; REPEAT FOR 2 MORE SATELLITES
/ DERIVATIVES 24-BITS
L1 (1 Xo 1 Yo (Z(TIT 2 | 3 L__| PARITY
l —HEALTH AND STATUS (8 BITS) yd
PRN NUMBER (8 BITS) TIME-OF-DAY (11 BITS)
DATA ID (2 BITS)
6-BIT MESSAGE TYPE IDENTIFIER (= 17)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure24. Type 17 GEO Almanacs M essage For mat

The position of a GEO using the parameters of Table 18 shdl be evduated using Equations 33
and 34 with the acceleration components set to 0 and tp set to the time-of-day as given in the

message.

The Data D for the current Signa Specification format is00. Other states of the data ID are

reserved for the possihility of future Sgna Specification formats.

The hedth bits are defined as follows:

Bit 0 (LSB) Ranging On (0), Off (1)
Bit1 Corrections On (0), Off (1)
Bit 2 Broadcast Integrity On (0), Off (1)
Bit3 Reserved
2-43
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The Null Message Type 63 shdl be used by the WAAS Ground Earth Station as afiller
message if no other message is available for broadcast for the one-second time dot. The user
will ignore the data in the Type 63 Message but continue to use the ranging capabilities.

4414

Internal Test Type 62

The Internd Test Type 62 shdl be used by the WAAS for testing. The user will ignore the
datain the Type 62 message, but will continue to use the ranging capabilities.

4.4.15

WAAS Network Time/UTC Offset Parameters Message Type 12

Message Type 12 shall consist of the 8-hit preamble, a 6-bit message type identifier (=12)
followed by 104 information bits for the UTC parameters, then followed by 3 bitsto indicate
the UTC time standard from which the offset is determined. The next 20 bits are the Time of
Week (TOW) in seconds of the beginning of the message, followed by a 10 bit GPS Week
number (WN) as defined in Section 2.4.3.1 of [1]. The find 75 bits are spare bits. Table 19
defines the UTC parameters dong with the other 33 bits defined above. The definition of the
parameters and the applicable algorithms are in Sections 2.4.5.5 and 2.5.6 of [1], with the
exception that the UTC parameters shdl corrdate UTC time with the WAAS network time
rather than with GPStime. The UTC standard which is used is indicated by the three bits
following the 104- bit offset data, and shall be interpreted in Table 20.

Table19. WAAS Network Time/lUTC Parameters

Parameter No. of Scale Factor Effective Units
Bits* (LSB) Range

Aawn 24* 2% +7.45 10° seconds/second
Aownt 32* 2% +1 seconds
tor 8 212 602112 seconds
VWN; 8 1 Oto 255 weeks
Dt s 8* 1 +127 seconds
WN_ 8 1 0to 255 weeks
DN 8** 1 7 days
Dt < 8* 1 +127 seconds
UTC Standard Identifier 3 -- -- discrete
GPS Time-of-Week — 20 1 604,799 seconds
TOW
GPS Week Number 10 1 0101023 weeks
Spare 75 -- -- --

* Parameters so indicated will be two's complement, with the sgn bit occupying the MSB.

** Right Jusified.
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Table20. UTC Standard Identifiers

UTC Identifier UTC Standard

0 UTC as operated by the Communications Research Laboratory
(CRL), Tokyo, Japan

1 UTC as operated by the Nationd Ingtitute of Standards and
Technology (NIST)

2 UTC as operated by the U. S. Naval Observatory (USNO)

3 UTC as operated by the Internationd Bureau of Weights and
Mesasures (BIPM)

4-7 Reserved for future definition
4416 Degradation Parameters- Message Type 10

The degradation parameters are described in Table 21. These parameters are used as
described in Section 4.5.

TABLE 21 TYPE 10 DEGRADATION PARAMETERS

Parameter No. of | ScaleFactor Effective Units
Bits (LSB) Range
Birc 10 0.002 0to 2.046 m
Cltc Isb 10 0.002 0to 2.046 m
Citc v1 10 0.00005 0t00.05115 m/'s
it 9 1 Oto511 S
Citc vo 10 0.002 0to 2.046 m
litc vo 9 1 Oto 511 S
Ceo Isb 10 0.0005 0to00.5115 m
Caeo v 10 0.00005 0to0 0.05115 m/'s
| geo 9 1 Oto511 S
Ce 6 0.5 0to 315 m
Ciono_ step 10 0.001 0t01.023 m
liono 9 1 Oto511 S
Ciono ramp 10 0.000005 Oto m/'s
0.005115
RSSupre 1 — Otol discrete
RSS oo 1 — Oto1l discrete
Spare 88 — — —

The spare bits may be used to define degradation parameters applicable

to GLONASS satellites.

M odeling the Degradation of Data
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The fast corrections, long-term corrections, and ionospheric corrections are al designed to
provide the most recent information to the user. However, there is aways the possbility that
the user will fail to receive one of these messages, either due to momentary shadowing or a
random bit error. In order to guarantee integrity even when some messages are not received,
the user must gpply modds of the degradation of thisinformation. The system, in turn, will
monitor the old data to ensure that it remains vaid until it times out. This section describes the
degradation of data.

45.1 Fagt and Long-Term Correction Degradation
The resdud error associated with the fast and long-term corrections is characterized by the
variance (s %) of amodd digtribution. Thisterm is computed as:
i 2
%(5 UDRE t€fc t€rc T ec ter | If RSSypre = 0 (Message Type 10)
s% = i 35)

% SSDRE +e%c+er2rc +e&c+e§r, if RSSpre = 1(Message Type 10)

where:
RSSypre = root-sum-square flag in Message Type 10
s?upre = variance of model parameter from Message Type 2-6, 24
(ref. 4.4.4)
er = degradation parameter for fast correction data (ref. 4.5.1.1)
e = degradation parameter for range rate correction data (ref.
4.5.1.2)
et = degradation parameter for long term correction or GEO
navigation message data (ref. 4.5.1.3)
€q = degradation parameter for en route through NPA applications
(ref. 4.5.1.4)
Note: Airborne equipment which does not miss any messages will have a
0 for all degradation terms except for e, which will typically be
less than 0.35 meters.
4511 Fast Correction Degradation
The degradation parameter for fast correction dataiis defined as:
efc :a(t- tu+t|at)2/2 36)
where:
a = the Fast correction degradation factor determined from
Message Type 7 (ref. 4.4.5)
= the current time
ty =thetimethelast UDRE data (Type 2—6 or 24) was received

that matches the IODF of the fast correction being used. For
Message Types 2-5 and 24, thistime isthe same asthetime
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of gpplicability of the fast corrections (t) Sncethey areinthe
same message. For UDREs broadcast in Type 6 and if the
IODF = 3, thistime aso equds the time of applicability of the
fast corrections (tr). For UDRES broadcast in Type 6 and
IODF!* 3, thistimeis defined to be the time of transmission of
thefirgt bit of the Type 6 message at the GEO.

= the system latency determined from Message Type 7 (ref.

4.4.5)

Range-Rate Correction Degradation

If the RRC = 0 then the range-rate correction degradation is also equd to zero (i.e. e, = 0if
ai; = 0, see section 4.4.3). Otherwise, the range-rate degradation is divided into two cases.
The first case covers the situation where the IODFs of both the current and previous fast
corrections are not equa to 3. The second case covers the Stuation where at least one of the
IODFsisequd to 3. Thefollowing terms are used to define these degradation functions:

a

t
Ifc

B’I’C

= the Fast correction degradation factor determined from

Message Type 7 (ref. 4.4.5). This parameter is satdllite-
specific.

= the current time
=thetime-out interva of the fast correction determined from

Message Type 7. This parameter is the shortest time-out
interva for any satdlite included in the associated fast
corrections message.

= aparameter associated with the relative estimation noise and

round-of error derived from Message Type 10.

|ODF et = |ODF associated with most recent fast correction
|ODFprevious= | ODF associated with previous fast correction

Range-Rate Correction Degradation - [ODF * 3
The degradation parameter for fast correction dataiis defined as:

7

T
I @I fc
|
1€ 4

+

0, if (JODF gy ¢ - 1ODF 00, )MOD3 =1
37)
B..§ _
Dt:(t ty ) if (IODF - IODF 0 )MOD31 1
(4]

Range-Rate Correction Degradation - Either IODF =3
The degradation parameter for fast correction datais defined as.
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38)

o0

2

+ I;C%(t - tof ) if

This function will not take on any one vaue since there are possibly many choices of fast
corrections as darm conditions do not necessarily occur at regularly space intervals.

45.1.3

Long Term Correction Degradation

The degradation associated with long-term corrections is covered by two cases depending on
whether both offset and velocity (Type 24 and 25 with velocity code=1) or only offset (Type
24 and 25 with velocity code=0) isincluded in the message.

The degradation associated with the GEO navigation message is described in 4.5.1.3.3. The
system will ensure that the resulting degradation protects the user, even during atransition of
the velocity code.

45131

N

!
eltc _l
|

Long Term Correction Degradation - Velocity Code =1
For Veocity Code = 1, the degradation parameter for long-term correctionsis.

Cltc_lsb + C

Note:

O ift0<t<to+lltc vi
. — 39

e aMaX Oty - tt-t- 1 ) otherwise

t = the current time

to = the time of gpplicability for the long term correction (ref.
A.4A47)

lic vi = theupdate interva for v=1long term corrections determined
from Message Type 10

Cic1so = ISthe maximum round-off error due to the Isb resolution of
the orbit and clock information determined from Message
Type 10

Cicv1 =istheveocity error bound on the maximum range rate
difference of missed messages due to clock and orbit rate
differences derived from Message Type 10

If no long term correction messages are missed, it is always
possibleto have t, < t < tot+ 1. If the airborne equipment
misses long term correction messages, the equipment may be
forced to either use a long term correction beforet, or use the long
term correction after to+ licyv1. Typically, along term correction
message will be broadcast once before t, and two more times after
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to but beforeto + licvr. 1fto < t < to+ licva, then no degradation
function is applied.

45132 Long Term Correction Degradation - Velocity Code=0
For Veocity Code = 0, the degradation parameter for long-term correctionsis.

&t - ua

Btc = Cltc_voél—l:I 40)
@'ltc vo g
where:
t = the current time
titc = the time the long term correction message was received

lic vo = theminimum update interva for velocity code v=0 long term
messages determined from Message Type 10

Cic v =isthe bound on the update delta between successive long term
corrections determined from Message Type 10

& = thefloor or greatest integer less than x function.

45133 GEO Navigation M essage Degradation
The degradation parameter for GEO navigation message data is:

_', 0 t0<t<t0+lgeo
G = }Cgeo_lsb +Cro max(Q t,- tit-t,- Igeo) otherwise 4
where
t = the current time
to = the time of applicability for the GEO navigation message
(ref.4.4.11)
lgo = the update interva for GEO navigation messages determined
from Message Type 10

Cyeo 1sv = ISthe maximum round-off error due to the Isb resolution of
the orbit and clock information determined from Message
Type 10
Cyo v =istheveocity error bound on the maximum range rate
difference of missed messages dueto clock and orbit rate
differences derived from Message Type 10
This degradation function is similar to that of long term corrections (Veocity Code = 1) and the
same principles gpply as to the periods of applicability. For example, if to < t < t, + lge then
no degradation function is gpplied.

4514 Degradation for En Route Through NPA
When using fagt or long term corrections which have timed out for precision gpproach, but

have not timed out for other navigation modes, an extra“catch-al” degradation factor is
applied. Thisdegradationis:
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i 0 neither fast nor long termcorrections

: " havetimed out for precision approach

€ =1 42)
i if fast or long term corrections

}C‘*’ havetimed out for precision approach

where:
Ceo = degradation parameter determined from Message Type 10

45.2 Degradation of lonospheric Corrections
The resdud error associated with the ionospheric corrections is characterized by the variance
(Sionogric’) Of amodel distribution. This parameter is applicable a each ionospheric grid point,
and must be interpolated to the user pierce point and trandated to dant range (4.4.10). This
term is computed as.

N )
-,}(S GIVE T elono) if RSSgne =0 ( Message Type 10)

S i%nogrid = : ) ) 43)
i SGIVE *€onos  If RS§ono =1 (Message Typel0)

where:
RSSono = root-sum-sguare flag from Message Type 10
Saive = mode parameter from Message Type 26 (ref. 4.4.10)
and,
e =C ‘?t - tiono L:J_,_ C (t- t 44)
10no iono_step m H iono_ramp iono)
where:

Ciono_step = the bound on the difference between successive ionospheric
grid delay vaues determined from Message Type 10

t = the current time
tiono = thetimeof transmisson of thefirg bit of the ionospheric
correction message a the GEO
Ciono_ramp = the rate of change of the ionospheric corrections
determined from Message Type 10
liono = theminimum update interva for ionospheric correction

messages determined from Message Type 10
&( =thefloor or greatest integer less than x function

4.6  Principleand Rulesfor the Generation and Use of Data
The following principles and rules gpply for the WAAS capable receiver. From these
principles, the necessary message generation rules at the control center may be inferred.

(1) the CRC must pass on the received block.
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(2) theuser must corrdate with the entire 24 bits of the preamble, but not
necessarily in successive 1-second blocks. This assures frame synchronization
while dlowing for occasiona block errors without repeeting a complete
synchronization.

(3) "Use/Don't UsE" or error correction data cannot be used until a Type 1
message providing the PRN mask with an issue of data (IODP) gpplicable to
the data have been decoded. However, long term satellite error corrections
and UDREIs can be stored by the users prior to this event and tagged useful
once this event and the event in (4) below occurs. Type 1 messages shal be
broadcast & a rate sufficient to not degrade the user's first fix capability.

(4) Theembedded Issues of Data (I0Ds) in the long term satellite error
corrections shal match those in use by the receiver prior to use.

(5) Longterm satelite error corrections, ionospheric delay corrections and GEO
Navigation Messages shall al be broadcast at arate sufficient to not degrade
the user's firgt fix cgpability.

4.7  Timing
Integrity information (UDRES contained in Types 2 - 5, Type 24 or Type 6) shal be broadcast
at least once every 6 seconds. All other messages shall be broadcast in-between, meeting the
congraints imposed in Paragraph 4.6 above and not exceeding the maximum updeate intervd in
Table 22 below. The required intervals apply to data content, not arbitrary messages.

The maximum update intervas defined in Table 22 are intended to limit necessary acquistion
time and ensure consstent application of data by dl users. They do not imply that update rates
consgstent with Table 22 will meet dl required performance requirements (such as ionospheric
delay accuracy). In addition, the datalink will broadcast a valid message every second to
provide a continuity of signal. The Type 62 and Type 63 messages are vaid messages. The
user time-out intervd limitsthe time interva of gpplicability of dl correction and integrity data

In addition to the norma messageslisted in Table 22, every darm condition (broadcast in a
Type2- 5, Type 24, Type 6, or Type 26 message) shal be repested three times after the
initia notification of the darm condition (for atota of four timesin four seconds). Subsequent
messages can be transmitted at the norma update rate.

The user time-out intervas are defined from the end of the reception of a message until the end
of reception of a message which contains replacement information.

Table 22. Message Content Broadcast Intervals

Data Associated Maximum En Route, Precision
M essage Update Terminal, NPA Approach
Types Interval Timeout Timeout
(seconds) (seconds) (seconds)
WAASIn Test 0 6 N/A (Note 1) N/A (Note 1)
Mode
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PRN Mask 1 60(Note 2) None None
UDREI 2-6,24 6 18 12
Fast Corrections 2-5,24 60 SeeTable7 SeeTable7
Long Term 24,25 120 360 240
Corrections

GEO Nav. Data 9 120 360 240
Fast Correction 7 120 360 240
Degradation

Weighting Factors 8 120 240 240
Degradation 10 120 360 240
Parameters

lonospheric Grid 18 300(Note 2) None None
Mask

lonospheric 26 300 600 600
Corrections

UTC Timing Daa 12 300 None None
Almanac Data 17 300 None None

1) Reception of a Type 0 message results in deselection of the WAAS satdllite for
one minute and dl data from that satdllite is discarded.

2) When the PRN or ionospheric mask is changed, it should be repested at |east four
times before the new masks are used. Thiswill ensure that dl users receive the new mask
before it is goplied, maintaining high continuity.
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Appendix 3: Verification Requirements Traceability Matrix (VRTM)
1.0  Définitions

Demonstration. Demongration isamethod of verification where quaitative versus quantitative
vdidation of a requirement is made during a dynamic test of the equipment. Additiona
definitions gpplied to thisterm are:

a If arequirement is vaidate by test during firg article qualification testing and the
requirement has enough significance that it is "retested" during acceptance tes,
then this acceptance testing can be indicated in the VRTM as a Demondtration.

b. In generd, software functiond requirements are vdidated by demondration
snce the functionality must be observed through some secondary media.

I nspection. Ingpection is a method of verification to determine compliance with specification
requirements and conssts primarily of visud observations, or mechanical measurements of the
equipment, physica locations, or technica examinations of engineering-support documentation.

Analysis. Andyss is a method of verification which congsts of comparing hardware or
software design with known scientific and technical principles, technica data, or procedures and
practices to vaidate that the proposed design will meet the specified functiond or performance
regquirements.

Test. Testisamethod of verification that will measure equipment's performance under pecific
configuration-load conditions and after the controlled application of known stimuli. Quantitative
values are measured, compared against previous predicted success criteria and then evauated
to determine the degree of compliance.
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.0 SYSTEM Title
Specification REQUIREMENTS
WAAS 31 System Definition Description
Specification
WAAS 311 WAAS Objectives Description
Specification
WAAS 312 System Modesand (D D D X D D D
Specification States
WAAS 3121 Continuous Service |D D D X D D D
Specification State
WAAS 3.1.2.2 Militery Emergency |D D D X D D D
Specification State
WAAS 313 System Functions Description
Specification
WAAS 3131 System Functiond Description
Specification Rdaionships
WAAS 3.1.3.2 Data Collection Lead-In
Specification (Function 1)
WAAS 31321 (a |Inputs Input Data
Specification [to €)
WAAS 31322 Processing Title
Specification
WAAS 313221 |CollectrawGPS |T D D X D X D
Specification observables
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.2.2.2 |Collectraw GEO (T D D X D X D
Specification observables
WAAS 3.1.3.2.2.3 |Location of Antenna [T D D X D X D
Specification phase center
WAAS 3.1.3.2.2.4 |Daafor T D D X D X D
Specification Tropospheric
Corrections
WAAS 3.1.3.2.25 |Recaver cdibration T D D X D X D
Specification data
WAAS 3.1.3.2.2.6 |Raw data T D D X D X D
Specification reasonability
check
WAAS 3.1.3.2.3(a |Outputs T D D X D X D
Specification [toi)
WAAS 3.1.33 Determine Description
Specification lonospheric
Corrections
(Function 2)
WAAS 3.1.331(a |Inputs Input Data
Specification [to €)
WAAS 3.1.33.2 Processing Title
Specification
WAAS 3.1.3.3.21 |L1lonospheric T D D X D X D
Specification Delay Estimates
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.3.2.2 |Grid lonospheric A,D D D X D X D
Specification Verticd Error
(GIVE)
WAAS 313323 |IGPsdection T D D X D X D
Specification
WAAS 3.1.3.3.24 |IGP"Not T D D X D X D
Specification Monitored" data
WAAS 3.1.3.3.3(a |Outputs Output
Specification |to C) Description
WAAS 3134 Satellite Orbit Description
Specification Determination
(Function 3)
WAAS 3.1341(a |Inpus Input Data
Specification [to k)
WAAS 31342 Processing Title
Specification
WAAS 3.1.3.4.2.1 |Minimize lonosphere|A,T T T X D X D
Specification and Troposphere
Effects
WAAS 3.1.34.2.2 |GPSorbit AT T T X D X D
Specification determination
WAAS 3.1.34.23 |GEO orbit AT T T X D X D
Specification determination
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the theFVS theinitial |(FAT,SAT) |Operational |Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.34.24 |GEO Sadlite AT T T X D X D
Specification Ephemeris
Data
WAAS 313425 |GEO Sadlite T T T X D X D
Specification Almanac Daa
WAAS 3.1.34.3(a |Outputs T D D X D X D
Specification |to d)
WAAS 3.1.35 Determine Satdlite Description
Specification Corrections
(Function 4)
WAAS 3.1.351(a |Inputs Input Data
Specification [toj)
WAAS 31352 Processing Title
Specification
WAAS 3.1.35.21 |Minimize lonosphere|A,T T T X D X D
Specification and Troposphere
Effects
WAAS 313522 |SadliteLongTerm (AT T T X D X D
Specification Error Corrections
WAAS 3.1.35.23 |SadliteFast Error |A,T T T X D X D
Specification Corrections
WAAS 313524 |Sadlite User A,D T T X D X D
Specification Differentid Range
Error (UDRE)
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.1.35.25 |Issueof Data A,D T T X D X D
Specification
WAAS 3.1.35.2.6 |Fast Correction A,D T T X D X D
Specification Degradation Factor
WAAS 3.1.35.27 |Edimated RMS A,D T T X D X D
Specification Pseudorange Error
WAAS 3.1.3528 |MessageTypel0 (A,D T T X D X D
Specification Degradation

Parameters
WAAS 3.1.35.3(a |Outputs T D D X D X D
Specification |tof)
WAAS 3.1.3.6 Determine Sadlite Description
Specification Integrity (Function 5)
WAAS 3.1.36.1(a |Inputs Input Data
Specification [to])
WAAS 3.1.3.6.2 Processing Title
Specification
WAAS 3.1.3.6.21 |SadliteInteyrity Sub-Title
Specification Determination
WAAS 3.1.3.6.2.1.1 |Pseudorange "Don't |A,T T T X D X D
Specification Use' data
WAAS 3.1.3.6.2.1.2 |UDRE"DontUse" (T T T X D X D
Specification data
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.6.2.1.3 |lonospheric "Dont  |A,T T T X D X D
Specification Use" data
WAAS 3.1.36.214 |GIVE"Dont Uss' (A, T T T X D X D
Specification data
WAAS 3.1.3.6.22 |SadliteVighility Sub-Title
Specification
WAAS 3.1.3.6.2.2.1 |Sadlite Vighility T T T X D X D
Specification Determination
WAAS 3.1.3.6.2.2.2 |"Not Monitored" T T T X D X D
Specification data
WAAS 3.1.3.6.3(a |Outputs T D D X D X D
Specification |to C)
WAAS 3.1.3.7 Independent Data Description
Specification Veificaion
(Function 6)
WAAS 3.1.3.7.1(a |Inputs Input Data
Specification |to w)
WAAS 3.1.37.2 Processing Lead-1n
Specification
WAAS 3.1.3.7.2.1 |Veification of AT T T X D X D
Specification lonospheric
Corrections
(Subfunction 1)
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &

Facility Integration

WAAS 3.1.3.7.2.1.1 |Veification Success [T T T X D X D

Specification

WAAS 3.1.3.7.2.1.2 |Veificdion Falure- [T T T X D X D

Specification Accuracy

WAAS 3.1.3.7.2.2 |Veificaion of AT T T X D X D

Specification Sadlite Orbits

(Subfunction 2)

WAAS 3.1.3.7.2.2.1 |Veification Success [T T T X D X D

Specification

WAAS 3.1.3.7.2.2.2 |Veificdion Fallure [T T T X D X D

Specification

WAAS 3.1.3.7.2.3 |Veificaion of AT T T X D X D

Specification Satellite Corrections

(Subfunction 3)

WAAS 3.1.3.7.2.3.1 |Veification Success [T T T X D X D

Specification

WAAS 3.1.3.7.2.3.2 |Veificdion Fallure [T T T X D X D

Specification

WAAS 3.1.3.7.24 |Veificaion of AT T T X D X D

Specification Satdlite Integrity

(Subfunction 4)
WAAS 3.1.3.7.2.4.1 |Veification Success [T T T X D X D
Specification
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.7.2.4.2 |Veification Falure |T T T X D X D
Specification
WAAS 3.1.3.7.25 |Vdidationof Sgnd- |A,T T T X D X D
Specification in-Space
Performance
(Subfunction 5)
WAAS 3.1.3.7.25.1 |vdidaionof SIS [T T T X D X D
Specification Performance
WAAS 3.1.3.7.25.2 |SISPaformance T T T X D X D
Specification Alerts
WAAS 3.1.3.7.3(a |Outputs T D D X D X D
Specification [tol)
WAAS 3.1.38 WAAS Message Description
Specification Broadcast and
Ranging (Function 7)
WAAS 3.1.3.81(a |Inputs Input Data
Specification [to m)
WAAS 3.1.3.8.2 Processing AT T T X T X D
Specification
WAAS 313821 |MessageFormat |T D D X D X D
Specification
WAAS 3.1.3.8.2.2 |Repditionof Alam |T D D X D X D
Specification Messages
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.8.23 |Message Broadcast |A,T T T X T X D
Specification and Ranging
WAAS 3.1.3.8.2.3.1 |Message and Code |T D D X D X D
Specification Combining
WAAS 3.1.3.8.2.3.2 |Sgnd Modulation |T D D X D X D
Specification
WAAS 3.1.3.8.2.3.3 |Sgnd Transmisson |T D D X D X D
Specification
WAAS 3.1.3.8.2.3.4 |GEO Satdlite A D D X D X D
Specification Reception
WAAS 3.1.3.8.2.3.5 |GEO Satdlite A T T X T X D
Specification Trandation
WAAS 3.1.3.8.24 |Monitor WAAS T T T X D D D
Specification Sgnd Qudity
WAAS 3.1.3.8.3(a |Outputs T D D X D X D
Specification |to C)
WAAS 3.1.3.9 System Operations [T T T X T D D
Specification and Maintenance
(Function 8)
WAAS 31391 System Operations Description
Specification and Maintenance
Data Collection
(Subfunction 1)
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.9.1.1 (a|Inputs Input Data
Specification [toi)
WAAS 3.1.39.1.2 |Processng Title
Specification
WAAS 3.1.3.9.1.2.1 |WAAS Component (T D D X X D D
Specification and Equipment
Configuration Data
WAAS 3.1.3.9.1.2.2 |WAAS Component [T D D X X D D
Specification and Equipment
Status Data
WAAS 3.1.3.9.1.2.3 |WAAS Component (T D D X X D D
Specification and Equipment
Performance Data
WAAS 3.1.3.9.1.2.4 |Function 6 Data T D D X X D D
Specification
WAAS 3.1.3.9.1.2.5 |Function 1 Data T D D X X D D
Specification
WAAS 3.1.39.1.2.6 |WAASSgnd T D D X X D D
Specification Quality Parameters
WAAS 3.1.3.9.1.2.7 |Process Data T D D X X D D
Specification Update
WAAS 3.1.3.9.1.2.8 |Manud Inputs T D D X X D D
Specification
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.9.1.3 (a|Outputs T D D X X D D
Specification |[to )
WAAS 3.1.39.2 System Monitor and Description
Specification Control (Subfunction
2)
WAAS 3.1.3.9.2.1 (a|Inputs Input Data
Specification to h)
WAAS 3.1.39.22 |Processng Title
Specification
WAAS 3.1.3.9.2.2.1 |Continuity of T D D X X D D
Specification Processing
WAAS 3.1.3.9.2.2.2 |Operationd T D D X X D D
Specification Configuration
Control and
Management
WAAS 3.1.3.9.2.2.3 |Data Presentation (T D D X X D D
Specification
WAAS 3.1.3.9.2.2.3. | Displays T D D X X D D
Specification |1
(1to5)
WAAS 3.1.3.9.2.2.4 |Security T D D X X D D
Specification
WAAS 3.1.3.9.2.2.5 |Degradation T D D X X D D
Specification Protection
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.1.3.9.2.2.6 |Alams T D D X X D D
Specification
WAAS 3.1.3.9.2.2.6. WAAS Status T D D X X D D
Specification |1 Reporting
WAAS 3.1.3.9.2.2.7 |Alerts T D D X X D D
Specification
WAAS 3.1.3.9.2.2.8 |Aletand Alarm T D D X X D D
Specification Latency
WAAS 3.1.3.9.2.2.8. WAAS Status T D D X X D D
Specification |1 Reporting Latency
WAAS 3.1.3.9.2.2.9 |Aletand Alam T D D X X D D
Specification Acknowledgement
WAAS 3.1.3.9.2.2.9. | Status Reporting T D D X X D D
Specification (1 Acknowledgment
WAAS 3.1.3.9.2.2.1 |System Certification |T D D X X D D
Specification [0
WAAS 3.1.3.9.2.2.1 |Data Recording, Title
Specification |1 Archiving, and

Retrieva
WAAS 3.1.3.9.2.2.1 |Sysem Levd T D D X X D D
Specification (1.1 Recording
WAAS 3.1.3.9.2.2.1 |Component Level  |T D D X X D D
Specification (1.2 Recording Content
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.9.2.2.1 |Component Level  |T D D X X D D
Specification (1.3 Playback
WAAS 3.1.3.9.2.2.1 |Component Levd |T D D X X D D
Specification (1.4 Observation Data
(1to4) Recording Content
WAAS 3.1.3.9.2.2.1 |Component Level  |T D D X X D D
Specification (1.5 Navigation Data
Recording Content
WAAS 3.1.3.9.2.2.1 |Component Level  |T D D X X D D
Specification (1.6 Tropospheric Data
(1t03) Recording Content
WAAS 3.1.3.9.2.2.1 |WAAS Network Title
Specification |2 Time
WAAS 3.1.39.22.1 |WAASNetwork [A,T T T X T D D
Specification (2.1 Time Determination
WAAS 3.1.39.221 |WNT/UTC Offset  |A,T T T X T D D
Specification (2.2 Determination
WAAS 3.1.3.9.2.2.1 |GEO Sadlite T D D X X D D
Specification |3 Teding
WAAS 3.1.3.9.2.3 |Outputs T D D X X D D
Specification |(atoi)
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.1.3.9.3 Corrective Description
Specification Maintenance

(Subfunction 3)
WAAS 3.1.3.93.1 |Inputs Input Data
Specification [(atoj)
WAAS 3.1.39.3.2 |Processng Title
Specification
WAAS 3.1.3.9.3.2.1 |Fault Detectionand |A,T D D D X D D
Specification Isolation
WAAS 3.1.3.9.3.2.2 |Sysem Configuration T D D D D D D
Specification Satus
WAAS 3.1.3.9.3.2.3 |Mantenance During |T D D D X D D
Specification Norma Operation
WAAS 3.1.3.9.3.2.4 |Maintenance Priority |T D D X X D D
Specification Generation
WAAS 3.1.3.9.3.2.6 |Remote Initidization |T D D D X D D
Specification
WAAS 3.1.3.9.3.2.7 |Remote Reloading of | T D D D X D D
Specification Software and
Databases
WAAS 3.1.3.9.3.2.8 |Off-line Equipment |T D D D X D D
Specification Verificaion
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.1.3.9.3.2.9 |Resumption of T D D D X D D
Specification Operation
WAAS 3.1.3.9.3.2.1 |Record Keeping T D D D X D D
Specification [0
WAAS 3.1.3.9.3.2.1 |Archivd of T D D D X D D
Specification |1 Maintenance Data
WAAS 3.1.3.9.3.2.1 |Retrievd of T D D D X D D
Specification (2 Maintenance Data
WAAS 3.1.3.9.3.3 |Outputs T D D X X D D
Specification |(atoi)
WAAS 3.1.3.94 Periodic Description
Specification Maintenance (PM)
(Subfunction 4)
WAAS 3.1.3.94.1 |Inputs Input Data
Specification |(ato )
WAAS 3.1.3.9.4.2 |Processng Title
Specification
WAAS 3.1.3.9.4.2.1 |Manufacturer's A D D D X D D
Specification Recommended PM
WAAS 3.1.3.9.4.2.2 |Maintenance T D D D X D D
Specification Coordination
WAAS 3.1.3.9.4.2.3 |Maintenance During (T D D D X D D
Specification Normal Operations
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.1.3.9.4.2.4 |Maintenance T D D D X D D
Specification Schedule
WAAS 3.1.3.9.43 |Outputs T D D X X D D
Specification |(ato b)
WAAS 3.1.3.95 Remote Maintenance A, T D D D D D D Not required for
Specification and Monitoring initid WAAS.

System (RMMYS)
WAAS 3.2 System Title
Specification Characterigics
WAAS 321 Sgnd-in-Space Description
Specification Requirements
WAAS 3.21.1 Performance Title
Specification Characteristics
Definitions
WAAS 32111 Avallability Definition
Specification
WAAS 32112 Accuracy Definition
Specification
WAAS 3.2.1.1.2.1 |Horizontd Pogtion Definition
Specification Accuracy
WAAS 321122 |Veticd Pogstion Definition
Specification Accuracy
WAAS 3.21.1.2.3 |Pseudorange Definition
Specification Accuracy
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 321124 |Use Differentid Definition
Specification Range Error (UDRE)
WAAS 321125 |User lonospheric Definition
Specification Verticd Error
(UIVE)
WAAS 321126 |Gridlonospheric Definition
Specification Verticd Error
(GIVE)
WAAS 32113 Integrity Definition
Specification
WAAS 3.21.1.3.1 |Probability of Definition
Specification Hazardoudy
Mideading
Information (HMI)
WAAS 321132 |Probability of HMI Definition
Specification for En Route through
Non Precison
Approach
WAAS 3.21.1.33 |TimetoAlam Definition
Specification
WAAS 3.21.1.34 |AlamLimit Definition
Specification
WAAS 32114 Continuity of Definition
Specification Function
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 321141 |Continuity of Definition
Specification Navigation
WAAS 3.21.14.2 |Continuity of Fault Definition
Specification Detection
WAAS 32116 Sarvice Volume Definition
Specification
WAAS 3212 En Route Through Description
Specification Nonprecison
Approach
Performance
Requirements
WAAS 32121 Avallability A D D X D D D Initid WAAS
Specification rgmtin
addendum.
WAAS 321211 |Unavalability A D D X D D D
Specification
WAAS 32122 Accuracy Title
Specification
WAAS 321221 |95% Horizonta A T T T X D
Specification Position Accuracy
WAAS 3.21.222 [99.999% Horizontal |A T T T X D
Specification Position Accuracy
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 32123 |Integrity Title
Specification
WAAS 3.21.23.1 |Probability of HMI |A D D X A X D
Specification
WAAS 321232 |TimetoAlam T T T X T X D
Specification
WAAS 3.2.1.2.3.3 |AlamLimit AT T T X T X D
Specification
WAAS 3.21.24 Continuity of Title
Specification Function
WAAS 3.21.24.1 |Continuity of A D D X D X D Initid WAAS
Specification Navigation rgmtin
addendum.
WAAS 3.2.1.24.2 |Continuity of Fault |A D D X D X D Initid WAAS
Specification Detection rgmtin
addendum.
WAAS 32126 Service Volume Title
Specification
WAAS 3.21.26.1 |Ful Service A D D X D X D Initid WAAS
Specification rgmtin
addendum.
WAAS 3.21.26.2 |Patid Service A D D X D X D
Specification
321
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3213 Precision Approach Description
Specification Performance

Requirements
WAAS 32131 Avallahility A D D X X X X Initid WAAS
Specification rgmtin
addendum.
WAAS 32132 Accuracy Title
Specification
WAAS 3.2.1.3.2.1 |Horizontd Postion (A T T X T X D
Specification Accuracy
WAAS 3.2.1.3.2.2 |Veaticd Pogtion A T T X T X D
Specification Accuracy
WAAS 3.2.1.3.3 Integrity Title
Specification
WAAS 3.21.33.1 |Probability of HMI |A D D X A X D
Specification
WAAS 3.2.1.3.3.2 |TimetoAlam T T T X T X D Initid WAAS
Specification rgmtin
addendum.
WAAS 3.2.1.3.3.3 |AlamLimit AT T T X T X D
Specification
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.21.34 Continuity of A D D X D X D Initid WAAS
Specification Function rgmtin
addendum.
WAAS 3.21.3.6 Sarvice Volume A D D X D X D Initid WAAS
Specification rgmtin
addendum.
WAAS 3.2.2 Antenna Phase Title
Specification Center Location
Requirements
WAAS 3.2.21 Antenna Phase X X X T X I X
Specification Center Location
RelaiveTo Locd
Monument
WAAS 3.2.22 Loca Monument GFE Monument
Specification |(ato c) Location Accuracy
Requirements
WAAS 3.2.3 Processing Title
Specification Requirements
WAAS 3.231 System Capecity  |A D D X I X X
Specification
WAAS 3.23.11 U.S. WAAS A D D X D X X
Specification
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.23.1.2 Internationa A D D X D X X
Specification Expanson
WAAS 3.2.3.2 Software D D D X I X X
Specification Development

Requirements
WAAS 3233 Computer Hardware Title
Specification
WAAS 32331 Computer Resource (D D D X I X X
Specification Reserve Capacity
WAAS 32332 Computer Memory (A X X X I X X
Specification
WAAS 323321 |VodileMemory |A D D X I X X
Specification
WAAS 3.23.3.22 |NonVoldile A X X X I X X
Specification Memory
WAAS 3.23.3.23 |MemoryIncresse |[A X X X I X X
Specification Capability
WAAS 3.2.3.3.3 Processng Speed |A D D X I X X
Specification
WAAS 324 Signd Processng Title
Specification Requirements
WAAS 3241 Sengtivity and Title
Specification Dynamic Range
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Fied
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.24.1.1 L1-C/A Signd A D D X D X D
Specification Processing
Requirements
WAAS 3.24.1.2 L1I-P(Y)andL2- |[A D D X D X D
Specification P(Y) Sgnd
Processing
Requirements
WAAS 3.24.2 RF Interference Definition
Specification Reection
WAAS 3.24.21 In-Band Definition
Specification
WAAS 3.24.211 |Inteferer Above5 |[A,D D D X D X D Initid WAAS
Specification Degrees Elevation rgmtin
addendum.
WAAS 3.24.2.1.2 |Inteferer Bdow 2.5 [A,D D D X D X D
Specification Degrees Elevation
WAAS 3.24.2.1.3 |Inteferer Between [A,D D D X D X D
Specification 2.5 and 5 Degrees
Elevation
WAAS 3.24.2.2 Out-of-band Definition
Specification
WAAS 3.24.2.2.1 |CW Interferer abovelA,D D D X D X D I
Specification 5 Degrees Elevation
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 324222 |CW Interferer, A,D D D X D X D
Specification Below 2.5 Degree
Elevation
WAAS 324223 |CW Interferer, A,D D D X D X D
Specification Between 2.5 and 5
Degree Elevation
WAAS 3.24.23 Specid Interference Description
Specification Rejection Capability
WAAS 324231 |Spdid Mitigaion |A,D D D X D X D Title
Specification
WAAS 3.24.2.3.1.1 |Dynamic Seering  |A,D D D X D X D Waived for initid
Specification WAAS.
WAAS 3.2.4.2.3.1.2 |Antenna Pattern A,D D D X D X D Waived for initid
Specification Nulls WAAS.,
WAAS 3.24.2.3.2 |Tempord Mitigation |A,D D D X D X D Title
Specification
WAAS 3.24.2.3.2.1 |Tempord Filtering |A,D D D X D X D Waived for initid
Specification WAAS.,
WAAS 3.2.4.2.3.2.2 |Temporad Rgection |A,D D D X D X D Waived for initid
Specification WAAS.
WAAS 3.2.4.2.3.2.3 |Tempord A,D D D X D X D Waived for initid
Specification Interference WAAS.
Suppression
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.2.4.2.3.2.4 |Pulse Blanking A,D D D X D X D Waived for initid
Specification WAAS.
WAAS 3.24.23.3 |Allowadle A,D D D X D X D Waived for initid
Specification Degradation WAAS.,
WAAS 3.24.24 GEO Uplink A,D T T T T X D
Specification Protection
WAAS 3.24.24.1 |Interference A,D T T T T X D
Specification Protection
WAAS 3.24.2.4.2 |HMI Protection A,D T T T T X D
Specification
WAAS 3.2.5 Interface Title
Specification Requirements
WAAS 3.25.1 (ato |Externd Interface Lead-in
Specification |d) Requirements
WAAS 3.25.11 GPS Satdllitesto the T T T X X D D
Specification WAAS
WAAS 3.25.1.2 WAASto User T T T X X D D
Specification
WAAS 3.25.1.3 WAASto NAS T T T X X D D
Specification
WAAS 3.25.14 NASto WAAS T T T X X D D
Specification
WAAS 3.25.2 Internd Interface D D D X I X X
Specification Requirements
3-27

21 September 1999



FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.2.6 (atod) |Ground Based A X X X I X X
Specification Electronic Equipment
Characteristics
WAAS 3.26.1 Electrica A D D D X I X
Specification
WAAS 3.2.6.2 Mechanical A D D D X I X
Specification
WAAS 3.2.6.3 Interior Equipment  |A D D D X I X
Specification Desgn Ranges
WAAS 3.26.31 Attended Interior  |A D D D X I X
Specification Equipment Design
Ranges
WAAS 3.264 Exterior EQuipment |A D D D X I X
Specification Desgn Ranges
WAAS 3.2.7 System Qudity Title
Specification Factors
WAAS 3271 Rdiahility Title
Specification
WAAS 32711 WAAS Rdiability & |A D D D D D D
Specification Redundancy
WAAS 3.27.1.2 WAASLine A D D D D D D
Specification Replacesble Unit
(LRU)
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks

DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field

the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown

Contractor WAAS &

Facility Integration
WAAS 3.27.1.3 WAAS Rdiability & [A D D D D D D
Specification Availahility
WAAS 3.2.7.2 Maintainability A,D D D D D D D
Specification
WAAS 3.27.21 Mean Time To A D D D D D D
Specification Repar (MTTR)
WAAS 3.2.7.2.2 Initidizetion time AT D D D D D D
Specification
WAAS 3.2.7.2.3 Periodic A D D D D D D
Specification Maintenance Interval
WAAS 3.2.7.24 PM Service AT D D D D D D
Specification I nterruptions
WAAS 3.2.7.2.5 Corrective AT D D D D D D
Specification Maintenance Service

Interruption
WAAS 3.2.7.2.6 Redundant AT D D D D D D
Specification Equipment Switching
WAAS 3.2.8 WAAS Network Title
Specification Time (WNT)
WAAS 3.28.1 WNT/GPSTime |A,T T T X T X D
Specification Maintenance
WAAS 3.2.8.2 WNT/UTCTime |A,T T T X T X D
Specification Maintenance
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Document Title [Paragraph Number|Requirement Description  [Contractor Testing FAA Testing Remarks
DT&E at DT&E using|DT&E using| PAT& E OT&E/ OT&E/ Field
the the FVS theinitial [(FAT,SAT) [Operational [Shakedown |Shakedown
Contractor WAAS &
Facility Integration
WAAS 3.2.8.3 GEO SadliteLink |A T T X T X D
Specification Clock Stability
WAAS 3.29 Fal-Safe Fal-Soft  |A, T T T D T X D
Specification Operation
WAAS 3.2.10 Personnd Safety A D D D | I D
Specification
WAAS 3.211 Human Enginering |A,D D D D D D D
Specification
WAAS 3.2.12 System Security X D D D I I D
Specification
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Appendix 4: Definitionsand Acronyms

1.0  Définitions
The termsin the section are used throughout this specification and are defined below. Also see
FED-STD-1037. The standard DOD GPS terms are described in Section 5.1 - System
Overview.

Accuracy. The degree of conformance between the estimated or measured position or
veocity of aplatform at agiven time and its true pogition or velocity. Radionavigeation system
accuracy is usualy presented as a statistica measure of system error. (FRP) (Accuracies, as
used in this specification, for horizontal position, vertica position, and pseudorange are defined
in paragraph 3.2.1.1.2.)

Alarm Condition. Error condition at which an darm will be generated. (Alarm condition, as
used in this specification, is defined in paragraph 3.2.1.1.3.4.)

Availability. The availability of a navigation system is the percentage of time that the services
of the system are usable. Availability is an indication of the ability of the system to provide
usable service within the specified coverage area (volume). Signd availability isthe percentage
of time that navigational Sgnas transmitted from externd sources are available for use.
Availability isafunction of both the physicd characteristics of the environment and the technical
cgpahilities of the tranamitter facilities (Sgnd generation). (FRP). (Availahility, as used in this
specification, is defined in paragraph 3.2.1.1.1.)

Augmentation (Of GPS). Technique of providing the GPS with input information, in addition
to that derived from the main GPS congtellation in use, which provides additiond range
(pseudorange) inputs or corrections to, or enhancements of, existing pseudorange inputs. This
augmentation enables the system to provide performance which is enhanced relative to that
possible with the basic GPS sadlite information only.

Barometric Altitude. Geopotentia dtitude in the earth's atmosphere above mean standard
sealevd pressure datum plane, measured by a pressure (barometric) dtimeter. (RTCA/DO-
208)

Component (Syssem Component) (Subsystem). Theindividud parts of the WAAS, such
as WRSs, and WM Ss.

Continuity of Function. The probability that the navigation accuracy and integrity
requirements will be supported throughout a flight operation or flight hour given that they are
supported a the beginning of the flight operation or flight hour and that the flight operation is
initiated and predicated on the operation of the function. (Continuity of function and the
associated continuities of navigation and fault detection, as used in this specification, are
defined in paragraph 3.2.1.1.4.)
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Correction Messages. The messages from the WAAS, defined in appendix 2, that contain
the fast and dow pseudorange corrections and that are used to correct the user clock, the
ephemeris corrections, and the messages that define the ionospheric mode that are used to
correct the ionospheric errors.

Coverage. Surface area of gpace volume in which the Sgnds are adequate to permit the user
to determine position to a specified leve of accuracy. Coverage of GPS s influenced by the
number of satdlites, syssem geometry, sgnd power leves, receiver senstivity, amospheric
noise conditions and other factors which affect sgna availability. (FRP) (WAAS coverageis
Specified by the service volumes in paragraphs 3.2.1.2.6 and 3.2.1.3.6.)

Differential. Anaugmentation for the purpose of improving GPS accuracy by determining
GPS position errors a one or more known locations and subsequently transmitting derived
correction information to other GPS receivers in order to enhance the accuracy of the position
estimate.

Dilution Of Precison (DOP). Measure of how satellite geometry affects position
determination and time accuracy. It istheratio of the Standard deviation of the position error
to the standard deviation of the measurement errors, assuming al measurement errors are
gatigicaly independent and have a zero mean and the same standard distribution.

Distance Root Mean Square (DRMS). The root-meansquare vaue of the distances from
the true location point of the position fixesin a collection of measurements. (FRP).

"Don't Use" Message. The message from the WAAS that tdlls the user not to usea
particular satellite or IGP.

En Route. A phase of navigation covering operations between departure and termination
phases. En route phase of navigation has two subcategories: en route domestic/continental
and en route oceanic. (FRP).

Ephemeris Data. Set of data used to predict satdllite location at any time.

Equipment. Theindividud items of equipment within a WAAS component, such as areceiver
Or a pProcessor.

Failure (maintenance). A falureisdefined as having occurred any time a maintenance darm
or dert is generated.

Geodgtationary. An equatorid satdlite orbit that results in a congtant fixed pogtion of the
satedllite over a particular earth surface reference point on the equator.

Geostationary Earth Orbit (GEO) Satellite. The communication satdlite with a payload
that receives the WAAS messages from the Ground Earth Station and transmits them on the

4-2
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GPS L1 frequency, so the gppropriately designed user equipment will be able to receive and
implement these messages and use the Signal as aranging source.

Grid lonospheric Vertical Error (GIVE). A bound on the resdud error of the verticd
ionospheric delay at an lonospheric Grid Point (IGP).

Ground Earth Station (GES). The satellite ground station that supports the geostationary
relay satdllite. It will receive the data for the WAAS messages from the WMSS, generate
WAAS messages, integrate them with a GPS look-a-like ranging sgnd, and tranamit them to
the geogtationary relay satdllite in the gppropriate uplink frequency.

Hazardoudy Mideading Information (HM1). Datathet isbeing used that isinvdid.

Horizontal Radial Error. The difference between the estimated or measured position,
veocity, or time of a platform and its true position, velocity, or timein the horizonta plane.

Integrity. The ability of asystem to provide timely warnings to users when the system shoud
not be used for navigation. (FRP). (Integrity, asused in this specification, is defined in
paragraph 3.2.1.1.3))

Integrity Message. For the WAAS there are two integrity messages. (1) "Don't Usg"
messages that gpprise the user not to use a particular satellite or lonospheric Grid Point (IGP),
and (2) "Not Monitored" messages that apprise the user that the WAAS cannot determine the
integrity of a particular satellite or IGP.

lonospheric Grid Point (IGP). Geographic points where ionospheric vertica delay estimates
are made and corrections will be broadcast depending on an IGP mask. (Appendix 2,
paragraph 4.4.9)

lonospheric Pierce Point. Point where the line drawn between the GPS satdllite and the
receiver pierces theionosphere. (Appendix 2, paragraph 4.4.10)

Latency. Delay between the reception of the measurement of the GPSWAAS SIS at adata
collection Ste and the arrival of an associated message at a user.

L-Band. Portion of the eectromagnetic spectrum used by GPS to broadcast its navigetion
sgnas. GPS usestwo L-Band links: Link 1 At 1575.42 MHz and Link 2 At 1227.6 MHz.

Line Replaceable Unit (LRU). An item which may consst of a unit, an assembly (circuit
card assembly, € ectronic component assembly, etc.), a subassembly or part, that is removed
and replaced at the Site maintenance leve in order to restore the system/equipment to its
operationa status.

Maintainability. Ability of asystem to be restored to operationa readiness within defined
time intervals and prescribed personnd, facilities and equipment resources.
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Mask Angle. The eevation angle measured from the horizonta plane tangent to the earth at
the antenna to the minimum angle where the satdllites data will be recelved and processed.

Mean Time Between Failure (M TBF). Average length of time for which the system, or a
component of the system, works without fault.

Mean Time To Repair (MTTR). Average length of time required to perform corrective
maintenance on afaled device.

Navigation. The means by which an arcraft is given guidance to travel from one known
position to another known podition. The processinvolves referencing the actud aircraft
position to adesired course. (RTCA/DO-208).

Nonprecision Approach. A standard instrument approach procedure in which no
glidedope/glidepath is provided. (FAA Document 7110.65).

" Not Monitored" Message. The message from the WAAS théet tdlsthe user that a
particular satellite or IGP is not being monitored by the WAAS.

Phase Of Flight. Periods of navigation with different procedures/criteria, such as en route,
termind gpproach, and landing.

Phase Of Operation. Period of navigation with a congtant required navigation performance
(RNP). (RTCA/DO-217).

Postion Error. The difference between the measured position and the actua position.

Precison Approach. A standard instrument approach procedure in which a course and
glidedope/glidepath is provided. (FAA Document 7110.65).

Pseudorange. The distance between auser and a satdllite as measured by the time of trave
of the sgna which contains severd errors sources, such as clock biases, ephemeris
predictions, ionospheric/tropospheric delays, etc.

Pseudorange Error. The difference between the pseudorange calculated by the user
equipment and the "true” range. The "true’ range is defined as the range from the known user
equipment antenna location to the satdllite position as determined from the corrected satdllite
ephemeris data from the navigation data message.

Radionavigation. The determination of position, or the obtaining of information relating to
position, for the purposes of navigation by means of the propagation properties of radio waves.
(FRP).
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Range Residual. The difference between a measured range from a GPS satellite to the user
and the "true” range between the GPS satellite and the user.

Recelver Autonomous Integrity Monitoring (RAIM). A technique whereby acivil GPS
recelver determines the integrity of the GPS navigation signals without reference to sensors or
non-DOD integrity systems other than the receiver itsdlf. This determination is achieved by a
consstency check among redundant pseudorange measurements. (RTCA/DO-208).

Required Navigation Performance (RNP) System. Anar navigation system that meetsdl
navigation requirements without the need for any other navigation equipment on board the
arcraft. Thistermisused in place of the more customary sole means navigation system.

Selective Availability (SA). A st of techniques for denying the full accuracy and sdecting
the level of pogtioning, velocity, and time accuracy of GPS available to users of the Standard
Pogtioning Service Sgnd.

Sensor Error. The part of the error budget contributed by the navigation sensor. It is root-
sum-squared with the other error components to determine the navigation source error.

Site. A location where WAAS components are instaled.
System. The entire WAAS.

Supplemental System. An air navigation system that can be used aone without comparison
to another gpproved navigation system; however, another gpproved navigation system must be
on board the aircraft and usable if the supplementa system is not available.

Terminal Area. A generd term used to describe airgpace in which approach control service
or arport traffic control service is provided. (RTCA/DO-208).

Time To Alarm. The time from an out-of-tolerance condition until user (pilot) notification.
(Timeto aarm, as used in this specification, is defined in paragraph 3.2.1.1.3.3.)

Total System Error. The root-sum-square of the navigation source error, airborne
component error, display error and flight technica error.

Undetected Error. An error is undetected if the predicted maximum position error based on
the geometry, User Differentid Range Error (UDRE), User lonospheric Verticd Error (UIVE),
and estimated avionics error (or based on another means of integrity monitoring such as
RAIM) isless than the darm limit while the actud error exceedsit.

User Differential Range Error (UDRE). 99.9% confidence bound of the combination of
the long term clock and ephemeris satellite errors and fast corrections error for a designated
satellite.
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User lonospheric Vertical Error (UIVE). 99.9% confidence bound on the user-computed
vertica ionospheric delay error, after correction.

Validation (of WAAS SIS performance). Process whereby the SIS performanceis
monitored and determined to be within specification.

Verification (of WAASdata). Process whereby the data provided to WAAS usersis either:
(1) compared to data derived from independently observed measurements, or (2) combined
with independently observed measurements and the results is compared to the expected resuilt.

Wide-Area Augmentation System (WAAS). Thetota FAA system that is being designed
and built to meet the mission needs of insuring satdlite integrity for using GPS for required
navigation performance (RNP) in the NAS and of improving accuracy to support precision
approaches usng GPS augmented with the WAAS.

WAAS Messages. The messages, defined in RTCA Report, "GIC/GNSS User Equipment
Interface Equipment Specifications', that the WAAS will broadcast to the GPS aviation users.

WAAS Receiver, Standard. A GPSWAAS receiver complying with the minimum
requirements of RTCA/DO-229, Change 3.

WAAS Signal In Space (S1S). TheWAAS Signd In Space is defined as the tota of the
sgnals that are broadcast by the WAAS and are available to the aviation users and mest the
WAAS SIS performance requirements.

Wide Area Master Station (WM S). Data processing sites which process data from the
WRSs.

Wide Area Reference Stations (WRS). Widely dispersed sites which collect satdllite data
from GPS and GEO satdlites.
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Acronyms

AC
AF
AORW
BPSK
BW
CIA
CAI
CASE
CONUS
COTS
CPU
CRC
CSCl
CW
DGNSS
DOD
DOP
DQT
DRMS
DT&E
ECEF
FAA
FAT
FEC
FRP
FTE
FVS
GEO
GES
GIVE
GIVE
GLONASS
GNSS
GPS
HDOP
HMI
/S
ICD
ICMLS
IGP

INMARSAT

10D
1ODC

FAA-E- 2892B, Change 1
DTFAO01-96-C-00025
Modification No. 0051

Alternating Current

Airway Facilities

Atlantic Ocean Region West

Binary Phase Shift Keying

Band Width

Coarse Acquisgtion

Contract Acceptance Inspections
Computer Aided Software Engineering
Conterminous United States
Commercid Off the Shelf

Centra Processing Unit

Cyclic Redundancy Check

Computer Software Configuration Item
Continuous Wave

Differentid GNSS (ICAO)
Department of Defense

Dilution of Precison

Desgn Qudification Testing

Distance Root Mean Square
Development Test and Evauation
Earth Centered Earth Fixed

Federa Aviaion Adminigration
Factory Acceptance Testing

Forward Error Correction

Federad Radionavigation Plan

Hight Technicd Etrror

Functiond Verification System
Geodtationary Earth Orbit

Ground Earth Station

Grid lonospheric Vertica Error

Grid lonospheric Vertica Error Indicator
Globa Navigation Satellite System (Russia)
Globa Navigation Satdlite System (ICAO)
Globd Pogtioning Sysem

Horizontd Dilution of Precision
Hazardoudy Mideading Information
Interference/Signal

Interface Control Document

Interim Contractor Maintenance and Logistic Support
lonosphere Grid Point

Internationa Maritime Satellite
Issuance of Data

Issuance of Data Clock
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|IODE Issuance of Data Ephemeris
|IODF Issue of Datafor Fast Corrections
|ODI Issuance of Data lonosphere
|ODP Issuance of Data PRN
PP lonospheric Pierce Point
L1 Radio Frequency Link 1 (GPS)
L2 Radio Frequency Link 2 (GPS)
LRU Line Replaceable Unit
LSB Least Sgnificant Bit
MSB Mogt Significant Bit
MTBF Mean Time Between Failures
MTP Master Test Plan
MTTR Mean Timeto Repair
NAS Nationa Airgpace System
NDI Non-Developmentd Items
NPA NonPrecison Approach
OocCC Operational Control Center
PAT&E Production Acceptance Test and Evauation
PM Periodic Maintenance
PRN Pseudo-Random Noise
Q Quacomm Corporation
QA Quadity Assurance
RAIM Receiver Autonomous Integrity Monitoring
RAM Random Access Memory
RF Radio Frequency
RMMS Remote Maintenance Monitoring System
RNP Required Navigation Performance
RRC Range-rate Corrections
RTCA RTCA, Incorporated
SA Sdective Avallahility
SAT Site Acceptance Testing
SCAT-1 Specia Category 1
SIS Signd in Space
SPS Standard Positioning Service
s symbols per second
TOW Time of Week
u.S United States
UDRE User Differentia Range Error
UDREI User Differentiad Range Error Indicator
UIVE User lonospheric Vertical Error
uTC Universa Coordinated Time
VDOP Verticd Dilution of Precison
VRTM Verification Requirements Tracegbility Matrix
WAAS Wide Area Augmentation System
WMS Wide-area Master Station
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WN Week Number
WNT WAAS Network Time
WRS Wide-area Reference Station
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